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PREFACE 

Vabious machining operations carried out in engineer- 
ing works and the plant involved are described in this 
volume. Lathe work, Planing and Shaping are dealt 
with in an earlier volume. In the present volume the 
following subjects come in for consideration. Drilling 
and Boring, Grinding, Slotting, Milling, Turret and 
Automatic lathes, Jigs and Tools. 

In the section on Drilling and Boring, special care 
has been taken to provide what is in fact a very com- 
plete treatment of the subject. Opening with much 
sound practical advice on the principles of Drilling, the 
cori'ect method of shaping drills and their proper 
handling, the section concludes with detailed informa- 
tion, of all the best-known modem drilling and boring 
apparatus, with references to special features of design 
and operation. 

Closely associated with boring is the question of 
Grinding. An enormous amount of grinding work is 
nowadays undertaken, especially in connection with 
automobile work. Grinding affords an ideal way of 
finishing off work to very exact limits. Concise particu- 
lars are given in this section as to the types of and use 
of the various forms of abrasives and, in fact, all 
matters relevant to the subject. 

Immediately follo'vving the section on Grinding is a 
short section on Slotting Machines, which, owing to 
their close similarity to shaping machines, do not call 
for very detailed consideration. 

Milling is an operation very widely performed indeed 
in metal-working shops, and a section of some thirty 
pages isYlevotcd thereto. AU. the important points are 
touched upon. 
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PKEFACE 


A lengthy section is one dealing with Jigs and Toe 
which in these days of mass production and standardij 
tion should perforce interest a very largo number 
engineering employees. It is from the pen of an auth 
of quite exceptional practical experience. 

The final section deals with Turret and Automal 
Lathes. 
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SECTION XVI 

DRILLING AND BORING 

A coNVEmEiirT distinction between drilling and boring 
is that the one takes place in sohd metal, the other 
implies enlargement of a hole already existing. There 
are, however, deviations from this general statement, 
as some holes are enlarged by drills, and some boring 
is efifected by tools that originate through solid metal. 
The reasons for the choice of one practice or another 
are nsually economic ones. It is generally cheaper to 
cast or punch a hole above a certain size, rather than 
use power in removing the whole of the material in a 
machine. Yet sometimes it is just as quick to bore or 
trepan, and occasionally sounder metal is ensured 
thereby. A great distinction occurs between general 
manufacturing and speciahzation. Tor the first named, 
it may not pay to core or forge certain openings, as 
they can be drilled rapidly at less cost. But repetition 
work may be machine moulded or drop forged, and the 
holes produced with great accuracy and closeness to 
dimensions, leaving only a trifle for the opening-out 
tools to remove. These tools are thus enabled to 
operate at fast rates, since they are not subjected to 
varying stresses due to very thick and very thin parts, 
and the accuracy of finishing is materially assisted, 
holes being made round and parallel with the least 
wear on the tools. In the case of thin parts, such as 
cylinders and liners, circular truth is not easy to obtain 
unless the cutting conditions are facilitated thus, 
because there is a tendency to push the metal away at 
the thick lumpy portions in bad castings. 

819 
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The processes of drilling and boring can bo accom- 
plished in many ways — ^by hand power, in tho drilling 
machine, the boring machine, the ordinary lathe, the 
engine lathe, the vertical lathe or turning mill, the 
turret lathe and automatic screw machine, with port- 
able machines, and in specialized designs for single or 
multiple action. The speeds vary immensely, for one 
of the finest class of drills for tiny holes will run at 
20,000 revs, per min., while a boring machine of the 
biggest class will take about two minutes per revolution 
of the head. Drilling or boring frequently constitutes 
part only of the work performed on a given machine. 
Accuracy is assisted as well as time saved by <loing 
other operations, either simultaneously or successively, 
without disturbing the setting of the work, tho most 
striking results in this direction being those obtained 
on the turret lathes. 

TOOLS FOR SMALL AND LARGE HOLES 

The variations in the choice of drilling and boring 
tools are very great, being determined sometimes by 
the material worked on, and by the relative size of a 
hole, or the quality of finish or accuracy required. Tho 
question of the manner of finishing affects tho selection 
of the drilling or boring tool in some instances. Also 
the truth of starting, as when a piece is done in tho 
lathe or the turret lathe, may determine the selection 
of certain tools for first, and second processes. If a 
hole has simply to be made without nee^ng any special 
accuracy, it is put through at the fastest possible rate, 
probably in quite a different way from another demand- 
ing the finest accuracy as to concentricity, circular and 
longitudinal truth, and finish of surface. 

Although the old-fashioned flat drill is still used 
es^nsively by small workers, such as watch- and clock- 
makers, scientific instrument makers and amateura, it 
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has been largely superseded in engineering factories. 
The chief examples still retained are those of special 
drills, with angles and sizes not available in standard 
list drills, while in brass work, especially, they are 
extensively utilized, not so much to put plain holes 
through as for those of stepped kind, or parallel and 
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Fiq. 1. Examples of Flat Drills, and Pad to enable 

B AND C TO BE HELD IN A TuRBET OB CHITCK 

tapered in succession, the driU being suitably formed 
along its edges. A certain kind of drilling or opening- 
out of cored holes is also done in the lathe with flat 
bits, which stand the destructive action of the sand 
and scale well, and can be cheaply sharpened or 
remade. Finally, the ratchet drill and, sometimes, the 
pneumatic and electric portable machines, use flat 
drills for heavy rough service in boiler and bridge work. 

The difference between the ordinary flat <brill and 
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the kind for brass work on the turret latho is that the 
first is forged from a cylindrical shank, Fig. 1 A, for 
convenience of holding in a chuck, or for squaring 
the end for a brace, while the second is ground up 
from flat steel, JS and G, and is gripped in a slotted pati , 
as shown, secured in a hole in the turret or other feed- 
ing device. The drill is only 
allowed to project from the 
pad to the distance necessary 
for reaching into the work. 
All these flat drills are merely 
scraping tools, that is, they 
possess no front rake, such 
as is really necessary for good 
drilling in oast and wroxight 
iron and steel. An attempt 
can bo made in this dinieticnx 
by twisting each lip slightly 
forward, so that it has froixt 
rake, or by grinding a hollow at the front ; but thostv 
methods do not endure for many sharponings, hence the 
tools cannot compete successfully with the twist drills, 
the spiral of which affords front rake no matter ht)W 
'many times the hps are sharpened. Another objection 
to any kind of flat drill is that the cuttings have no 
incentive to emerge from the hole, but tend to pack 
more or less tightly, a matter of little moment only in 
shallow holes. Yet the twist drill, which screws the 
chips out so well when rotating, does not show to much 
advantage when used in a stationary attitude, i.e. as 
held in a turret while the work revolves. Consequently, 
while big twist drills are necessary with ordinary drill- 
ing machines, their considerable cost is not warranted 
for turret lathe employment, and large holes are put 
through by some other kind of tool, such as a fluted 
drill with an inserted point of high speed steel, or a 



Fio. 2. The Working EXiB- 
MBNTs or A Twist Dbili, 
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preliminary hole is made with a smaller twist drill, to 
be enlarged by a boring bar, with cutter that only 
costs a trifle. 

TWIST DROLS 


The elements of a twist drill comprise the body 
(Fig. 2), the flutes, the lips or cutting edges, the point 
(which does not cut), the land or por- 
tion of full diameter which guides the 
drill in the hole, and the body clear- 
ance or relief. In a perfectly-ground X— — z 
drill the point lies exactly central 
with the axis of the body, and the A 

lips are of equal length and angle. X" Ac" — / 

Such a tool will work at the highest — y \ 

possible capacity, and make a round, V-— \ 
smooth and parallel hole of the C 
same diameter as the rated size of 
the drill. An obvious indication of p 

this state is to put the drill into a V ^qV L 
bit of soft steel, and if the chips 
curl out exactly alike (Fig. 3), the X 

matter is sure. But if one spiral is v ^ 

smaller in diameter than the other, /A 

or broken up, the lips are not each A 
doing their proper half share. 

Two of the principal faults in - pia ^ 3. Equal Cut- 
sharpening are revealed by Fig. 4. tings, which show 
At A the point is out of centre, or 
in other words, the lips are of Pbohbbly 
unequal lengths. Such a drill will 
make the hole oversize, because the diameter will equal 


the double radius cut by the longer lip. 

At B the point is central, but the lips are ground 
at different angles. Here most of the work will fall on 
the one lip, and oversize drilling will also result. The 
worst fault is to have the angle of lips different, and 
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of dijBEerent length ; this throws great strain on the 
machine and the drill. Fast production is impossible 
imder any of the foregoing conditions, apart from the 
faulty holes and the wear and tendency to bre^iikage of 
the tools. 



Fig. 4. Fxuurx Gbendeng ov Twist Dbill Lirs 
A =* Point out of centre JB «« Lips at dlfferont angles 





Fig. 5. Thick: Point which makhs Pejnbthation Dxfficui.t, 

AND THE DiFPBHBNOH AT'TBJEl ThINNING 

For reasons of strength, the web of a drill gradually 
becomes thicker towards the shank. This has the dis- 
advantage of thickening the point as the drill shortens, 
so that it grinds on the bottom of the hole and adtls 
to the labour of drilling, and produces extra boat. 
With a suitable oilstone or a narrow grinding wheel 
the point can be thinned (Fig. 6) for a reasonable 
distance up. Of course, the operation must not be 
carried to excess, or the web is liable to split when 
pr^sure is applied. 
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Twist drills are best sharpened by machine, which 
gives accurate angles, equal lengths of lips and central 
point, but with some practice the smaller drills can be 
ground pp very truly, testing with a gauge. It is diffi- 
cult to describe hand sharpening, but the drill is held 



Fig. 6, The Cobbbct Angle 
OF Clearance Behind a 
Drill Lip 



Fig. 7, Grinding Gauge 
TO Test Drill for Angle 
AND Length of Lips 


with the left hand near the point, while the right hand 
grips at the extreme end of the shank. As the lip is 
thus held against tho wheel, the right hand is given a 
slow downward movement simultaneously with a 
motion to the left, resulting in a clearance curve as 
drawn in Fig. 6. This clearance is as it exists at the 
largest diameter of the drill, but must be gradually 
increased towards the centre. Insufficient lip clear- 
ance prevents the drill from cutting effectively, and it 
is likely to split up the centre, while excessive clear- 
ance weakens the cutting edges and they are liable to 
fracture. A simple gaxigo to test the angle of lips (best 
at 69 degrees) is of sheet metal (Fig. 7), and it also 
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reveals whether each lip is uniform in length, hy refer- 
ence to the graduations. 

The ordinary two-lipped drill, hitherto considered, 
cannot properly be employed for rcdrilling, that is the 
enlargement of holes, because of the lack of support 
for the point, and bad working and breakage are inevit- 
able. Three-flute and four-flute twist drills are, how- 
ever, made for enlarging and truing drilled, punched or 




Fia. 8. Fotm-rLVTEiD Twist Dbui. for ENi.A.KaiNu Hul.ks, 
AND Shell Drill, held on an Arbor 

cored holes. The points are not suited for originating 
holes, but the guidance on the lips is such that a per- 
fectly steady action is obtained, and the holes turn out 
truly circular and straight. Pig. 8 gives examples of 
these tools, including the shell typo, which fits on a long 
arbor. They are much in demand on the turret or 
“ chucking ” lathes, which drill, bore, face and turn 
wheels, pulleys, flanges, covers, etc. 

For most requirements twist drills are made to cut 
right-handed to suit the direction of rotation of the 
majority of machine and lathe spindles, but loft-liand 
drills are occasionally required to use in automatic 
screw machines and in double-ended spindle drilling 
machines, at one end of which a left-hand drill must 
attack. There are a good many different types of drills, 
as regards the length of body, and the class of shank to 
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suit particular chucks, or holders. The temper is also 
varied in certain instances to suit particular require- 
ments, a case in point being boiler-plate drills, which are 
tempered to resist the severe shocks from drilling 
springy plate. Extremely short drills are supplied for 
specific functions, as for use in ratchet braces or portable 
power machines in confined heights, and also for start- 
ing holes in turret lathes, to get a true beginning for the 



Fig. 9. Combination Drill which makes Centre Hole 
AND Countersink at One Operation 

long regular drill. Centre drills are of small diameter, 
and prepare centre recesses in work to mount on the 
lathe or grinder centres, a separate countersink being 
used to make the cone shape. The quickest and best 
tool, which ensures absolute concentricity of these holes, 
is the Slocomb type, or combination centre drill (Fig. 9). 

STRAIGHT FLUTE DRILLS 

The twist drill cuts with rather too much avidity in 
brass and related soft materials, so that it pulls through 
the back of the metal suddenly. This would not matter 
so much if the work were rigid and non-springy, like- 
wise the table, and the spin^e feed apparatus in per- 
fect order, but at the same time there is reaUy no need 
to use the twist type because top rake is not necessary 
for the material in question. Consequently, a straight 
^iite drill (Fig. 10) is the proper tool to select, its only 
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disadvantage being that the chips pack in the flutes 
more than they do in a spiral flute ; although if the 
drill is held non-rotativoly (as in a turret) the escape 
of cuttings is as good as •with a spiral flute. There is a 
straight flute drill for stool used in tlio turret lathe, 
which has an inserted • point ground with the proper 
spiral to give front rake. 



Fio. 10. Straight Flittb DriIiI., whiok is PrbfbrabijB 
TO A Twist DrujI, fob Brass 


DRILLING PRACTICE 

Before dealing with the various boring tools, some 
idea may be given of the methods of using the twist 
and other drills. The start is important in a great many 
instances, because a hole must usually bo platted in a 
fairly exact position. If a drilling jig is timployed, the 
bushings incorporated in its construction act as guides, 
and there is nothing to worry about. But in ordinary 
operations an impression has to bo made with a ot'utre 
punch, and a circle struck about equal in diameter 
to the size of the drill. The latter is fed down on the 
work, which is held or clamped with the centre pop 
exactly in the machine axis. If the machine and drill 
are in good condition, and the point of the latter is not 
too thick, the start -will be well made. Should the im- 
pression, however, come out of centre, the drill must bo 
stopped, and a centre punch — or a chisel for the larger 
holes — be applied to create a cavity (shown in black 
in Pig. 11), into which the point •will slip on the next 
application, and so draw the drill to a concentric posi- 
tion. Sometimes it is best to use a short stifle drill, or 
a combination centre drill, which •will work accurately 
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to the centre pop. The start of a hole drilled in the 
engine lathe or turret lathe is usually made with some 
sort of short stifE tool, so as to avoid any necessity for 
this kind of correction. A pointed tool can be held in 
the slide rest, a centre drUl in the poppet or in the 
turret. In the last instance, a couple of facing blades 



Fia. 11. Method of “ DR-AWiira ” over a Start made out 
OF Centre, so as to Lead the Lridd Point Centraddy 

are often held in the holder to true off the end of the 
piece. 

To do the best work, the holding appliances of drills 
must be in proper condition ; the shanks must not be 
torn up or bent, nor the sockets damaged or burred. 
Inefficient support of the work, or play in the feed 
mechanism are also to be avoided, because as the lips 
emerge at the back of the piece the release of the pres- 
sure causes them bo catch in and possibly break. Care- 
ful feeding at the last bit is therefore a thing to be 
noted. There are several causes of drills breaking, one 
simple instance being that of penetrating too deeply, 
so that the flutes are coyered and become choked 
with chips, making the tool bind hard. If the lip 




830 


WORKSHOP PRACTICE 


clearance is too great the edges are liable to chip out, 
as they will also if the feed is too heavy. Wlu^n it is 
found that the corners of the lips wear unduly, this 
reveals too high a speed. 

LUBRICATION 

It is not necessary to apply any lubricant wluui 
drilling brass, nor for cast iron ; but the fibrotis 
materials, including malleable cast iron, and the steels 



FlO. 12. DBELL with CaiNTRAt. PaHHAOK and HoLKS CoNNKtlTlNO 
TO Tubes Sunk in the Lands, to Kohck On, to the 
Cutting Lips 


will tear up and make the drill hot in a few H(K!onds. 
Soapy water, oil, or one of the oompoumls <lilute<l with 
water are employed ; turpentine is good for liard steel. 
The stream of lubricant, supplied in small opt^rations 
from a drip-can, and with a pump for continmms 
regular manufacturing, must be Hufli<!ient in volume 
thoroughly to flood the drill. Some of the drilling jigs, 
using several drills simultaneously, have a top plate 
oast with a rim around so as to act as a con1aint*r for 
a flood of compound, which thus reaches each drill in 
ample volume, the pump working all the tinits 

Positive conduction of the fluid to the lips may have 
to be ensured in certain examples, as those of deep holes 
drilled in the usual vertical position. The choking of 
the flutes with cuttings has the offeot of interfering 
with access of the oil to the point ; and in horizontal 
drilling, done in the turret lathe, and special typ(?s of 
drilling machines, gravity does not help. To meet these 
diffloulties, the oil-tube drills are manufactured (Pig. 12) 
with copper or steel tubes fastened into grooves on the 


DRILLING AND BORING 


831 


lands, and connecting to a central hole in the shank. 
The supply being pumped through, this reaches the 
bottom of the hole and rushes out, conveying away 
the heat and cuttings. If the drill is employed in a 
revolving spindle, the oil is conveyed to a fixed collar 
encirchng the shank at the top of the flutes, and an 
annular groove thereon leads to cross-holes communi- 
cating with the central hole and thus to the tubes. 
Alternatively, drills are available with the oil holes 
drilled in the solid metal of the lands. 


SPEEDS AND FEEDS 

With the exception of abnormal materials, such as 
very hard steel, or a piece of cast iron which has been 
chilled or has hard spots, the rates of speed and feed 
are well established for various metals and alloys and 
using ordinary carbon, and high speed drills. 


Diameter 
of Drill 

In, 

Revolutions per Minute 

Brass 

Cast Iron 

Mild Steel 

i 

3660 

2290 

1980 


2440 

1620 

1320 

i 

1830 

1140 

990 

A 

1460 

910 

790 

1 


760 

660 

A 

1040 

660 

660 

i 

910 

570 

490 

f 

730 

450 

390 

1 

610 

380 

330 

i 

620 

320 

280 

1 

450 

280 

240 

li 

360 

220 

190 

n 

300 

190 

160 

2 

220 

140 

124 


180 

110 

100 

3 

160 

90 

80 
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Exact numbers of revolutions per minute are calcu- 
lated to give the suitable rates of peripheral speed of 
the drills, which are, for higix speed drills, 120 ft. per 
min. in brass, 75 ft. per min. for oast iron, and 65 ft. 
per min. for mild steel. Extra hard oast iron and tool 
steel must be done at a suitably slower rate. Omitting 
odd figures between the tens, the speeds may be quoted 
as shown on page 831. 

Feed rates vary so widely, according to the class of 
material and the work done, that no specific examples 
can be conveniently given, although in manufacturing 
on a large scale, with metals of uniform character, they 
are tabulated for the purpose of setting the macliineH. 
As a rough guide, however, it may be mentionetl that 
in mild steel and soft oast iron a ^ in. drill can be fed 
at the rate of 10 in. per min., a 1 in. at the rate of 
4 in. per min., a 2 in. at 2J in. per min., and a 3 iii. at 
1^ in. per min. Yet these rates are easily oxcetHied with 
drills and machines maintained in the best condition, 
and still more so for test and demonstration purpost's. 
For instance, a J in. drill may be made to feed at the 
rate of 30 in. a minute in oast iron. 

BORING TOOLS AND BARS 

The actual difference in principle between a tlrill 
and a boring tool is that the one has a penetrative 
point, the other can only enlarge a hole. This distinc- 
tion is subject to slight modification in certain practice, 
but for 90 per cent of work it holds good. Boring tools 
are divisible into rotating and non-rotating types. 
The first are run in drilling and boring machines, the 
ordinary lathe, occasionally in milling machinoB. The 
second in the ordinary lathe, the vertical lathe or turn- 
ing mill, and to an immense extent in the capstan and 
turret lathes, both semi- and fuU-automatio. Generally, 
the reason for the use of one or the other type is that 



DRILLING AND BORING 833 

of how the work can he held. When it is of such shape 
that rotation is inconvenient or impracticable (e.g. an 
awkwardly-shaped cylinder or bed or frame easting), 
the revolving bax or head has the preference. But if the 
work is of what may be termed the lathe class, that is, 
it can be held in a chuck or on a face plate, or mounted 
in a fixture for repetition work, the tool or bar need 
only be fed up and into the hole. The most elaborate 
eqxiipments occur in the turret lathes, starting tools, 
drills, boring and facing bars, reamers, recessing tools, 
counterboring, and other cutters being extensively in- 
cluded. Some work is done out of the solid, being 
drilled, then bored, and reamed, and further treated 
according to the drawings ; or castings or forgings with 
rough holes in are bored directly. In the engine or 
ordinary lathe a great amount of boring is performed 
with bent tools fed up from the slide rest, and the 
cylindrical bars holding cutters are not so often em- 
ployed. But, as in the horizontal turret lathes, bars are 
utilized freely in the vertical lathes, which machines 
often possess a turret. 

The rotating-bar method of boring originated in the 
lathe, being run between the centres, while the object 
was clamped on the saddle and fed along. This prac- 
tice still obtains in amateur and garage and general 
work, but, otherwise, the regular boring machines arc 
more convenient as regards setting and adjusting the 
work and manipulating the bar. In large machines 
the work does not feed, but the bar is traversed, or the 
bar merely rotates, and a cutter head fitted with a key 
and spline feeds along the bar by a screw action. 

The simplest cutter, whether for a rotating or non- 
rotating bar, is either of rectangular or of cylindrical 
shape. The former type used to be favoured most, but 
the simplicity of just drilling a cross-hole and grinding 
a cutting edge on a length of standard tool steel is so 

54— (55*5) 
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attractiye that great numbers of bars for small and 
moderate-sized holes are thus made up. The principal 
exception is found where it becomes essential to provide 
a longer edge than that afforded by the cylindrical 
cutter ; this requirement, for instance, occurs when the 
bottom of a hole has to be faced simultaneously with 
the conclusion of the boring operation, or where the 

latter is of a special 
curved or other shape, 
needing perhaps an inch 
or two or throe inches 
of edge to grind to 
contour. Heavy cuts, 
in the larger sizes of 
holes must also be taken 
with a thick flat cutter, 
able to endure the 
severe pressure, and 
to withstajid repeated 
sharponings. There are 
very many scores of 
different designs of 
bars, with various ways 
of securing anti adjust- 
ing the round or flat-sootion cutters, as w<‘ll as lieads 
on bars, but it is only possible hero to illustrate a 
typical sblection. The important feature in any stylo 
of fastening is rigidity, so that the cutter slxall neither 
slip back from the out, nor tremble so much as to spoil 
the surface. Some cutters are just held frictionally by 
the screw or wedge fastening employed, others are 
positively looked by a shoulder touching the bar, or by 
a screw exerting end pressure, this also acting as an 
adjusting agent. In some de^ee the class of hole bored 
affects the method of fastening the cutter ; thus, if it 
is a blind hole, or there is an obstruction just beyond 


o- 



Fig. 13 . Back and End View 
OB' Simple Boring Cutter 
Ground up erom Round 
Steel, and held by Wedge 
Pin or Round Steel 
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the back in the shape of a face plate, chuck, or fixture, 
it is not possible to use an end screw, unless of the grub 
or sunk variety. On the other hand, should the cutter 
be only slightly larger in radius than the bar exterior, 
any kind of projecting screw or wedge becomes imprac- 
ticable. 

The grinding of the round-section cutter is depicted 



Fig. 14 . Boring Two Diameters, Operation just 


, Completed 


in Fig. 13, to give front and top rake, and side clear- 
ance. This shape is suitable alike for the smaller bars 
of rotating or non-rotating class. If a hole with two 
diameters has to be bored, two cutters can be fitted 
after the manner of Fig. 14, as an alternative to a flat 
cutter with the edge shouldered suitably. The single- 
ended forms shown have the advantage that they may 
be adjusted to cut a certain range of diameters, but 
for repeat boring, or to finish a roughed-out hole nicely 
to size, a double-ended cutter is advantageous, being 
locked centrally in the way shown (Fig. 15). A 
wedge applied at the back face of a cutter is common 
practice for the flat ones, as represented in this 
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specimen. Set-sorews are excellent for fastening, if 
there is space for the square hoatl ; if not, then the 
hollow kind of screw may bo fitted, with a scpiaro or 
hexagon recess to take a key. As mentioned, if there 
is no end obstruction, a screw can be located in the end 
of a bar (Pig. 16), of the typo used in boring maeliinos 
and turret lathes, that is with this end free to travel 



Fio. 16. Flat Doublb-endkd Cuttkr Ckntbkd by its 
Notch, jusb Lookbl with Wboois 

in space, or into a pilot hole which acts as a centraliz- 
ing guide. A popular design to utilize in the vertical 
lathes (turning mills) has the screw set at an angle, 
and the cutter also inclined so that it will reach into 
a corner (see Pig. 17). Often a second screw is tiglitened 
on the top of the cutter for extra security, or the 
cutter hole is not carried full size right through the bar, 
a section being reserved at the tail end, and tapped for 
an end stop-screw. Another mode of reaching to the 
bottom of a hole is that of milling a slot across the end 
a bar to receive a cutter of square section steel, 
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making a saw cut some little distance back from this, 
and passing a transverse screw through the bar, so 
that its contractile action causes the split end to grip 
the cutter immovably. Sometimes also the cutter is a 
flat one, with a longitudinal split partly up it, and a 
supplementary screw with conical point presses into 




Figs, 16 and 17 , Sqtj abb -section Cxttteb Mounting 

Above, cutter fastened by end screw 
Below, cutter fixed for boring to blank end 

the split so as to spread the steel very slightly, just 
sufficient to modify the cutting size, before the binding 
screw is tightened. Expansion cutters are also made in 
halves to fit anywhere along a bar, according to where 
it is most desirable to have the receiving slot. A wedge 
arrangement effects the tightening, the cutter halves 
being first spread apart to the exact cutting diameter 
desired by means of a pointed screw with a micrometer 
head reading to the thousandth’s of an inch difference. 
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BORING HEABS 

A head becomes necessary in two circumstancos — (1) 
if the diameter of the bar and that of the bored hole 
are so much different that tlio cutter would have 
excessive overhang ; (2) when it is required to alter 
the position of the cutter or cutters along the bar, a 



Fig. 18 . SiMPua Head with Squahe-seotion Cutterh 

frequent demand in turret lathe operations. As with 
cutters fitted direct, there are scores of variations in 
the designs of heads, some receiving one cutter, some 
three, four, or six. In theory, the greater the number of 
cutters the faster the feed rate may be, but this <ioos 
not work out in actual construction and practice. In 
fact, some of the biggest work, that of boring turbine 
oaSings, is performed with a double-arm or spider head 
o€MPrying an adjustable tool slide at each end. 

The set-screw binding method is much favoured, 
such, as in Fig, 18, for either two or three square-seo- 
tjiq.ij.Hgiij.tters. On the Peam-Rioha^ds horizontal boring, 
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facing, drilling and milling machines, a special disposi- 
tion of cutter is employed for the heads ; they are made 
as in Fig, 19, so that the shanks point away from the 
direction of rotation, the ends being forged with a hook 
to bring the angle of rake correct. The effect of this 
backward slope is to give what is termed a trailing cut. 



Fio. 19 . Pjjiarn-Richaeds Boring Heads Designed to 
GIVE Smooth Cutting 


that is, the cutter does not tend to dig in deeper if it 
springs, but rather to faU away from the metal, and the 
result is reduction of vibratory and jerky action, and 
a smoother finish. The smaller type heads bore up to 
a maximum of 12 in. diameter, the larger to 26 in., 
these latter having end-adjusting and stop-screws 
behind the tools. The fit on the bar is half-relieved, so 
enabling the head to be shd easily to any position, and 
on tightening the screw on to the key the half bore 
makes a perfect fit with the bar. Other methods of 
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clamping the cutters in various heads include flat plates 
pulled down Iby two screws, the tool lying in an open 
groove ; and a bolt with a largo slotted hea<l, through 
which the tool passes and is thus pulled <lown into a 
groove. Both of these devices hold very powerfully, 

PACING 

This operation may bo done in two principal ways, 
either by a cutter or two cutters having H\iffici<‘nt length 
of edge to clean over the whole surface when hnl against 
it ; or by a star-feed apparatus, whioh traverses a tool 
slide bit by bit along an arm as the bar revolves witliout 
end-long motion. 

An area of large diameter or ono of eoixsiderable wi<lth 
cannot be tooled off with the cutter methotl, because 
penetration is so difficult and chatter excessive. If it 
is necessary to face off a casting or forging with any- 
thing but a small annular surface, th(^ cutter is made 
with a wavy or corrugated edge, which bites into the 
scale more easily than a plain edge. ITsually, tlu'u, a 
second or finishing cutter has to be used to givt* a 
smooth true face, but squared notches may be stag- 
gered on opposite sides of the cuttc^r, so tliat. the 
net result is to leave a flat surfacx'. Tliert* is a vast 
amount of facing performed in the turret lathe.s, 
because drilling and boring are done at tht» same 
setting which finishes off the oxposcwl face of a tsasting 
or forging, or a piece turned out of solid bar. Fre- 
quently, the boring bar also carries the facing cutter, 
which comes into play at the last moment, or a 
separate bar acts as a pilot into the work or the spindle 
bush, and holds a head with one or two facing cutters. 
Pig. 20 illustrates the fast type, and Fig. 21 the second, 
one of the cutters being for forming the recess, this 
b«ng really a Species of facing. Large heads for dealing 
with pulleys, wheels, gear blanks, covers, etc., in the 
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big turret lathes often have three tool-holding devices 
surrounding the pilot bar. Two take flat cutters to 
face, form, or recess by, and one is radially adjustable 




so that an exterior turning tool may be set to the 
desired diameter, and the rim of a blank be turned to 
size at the same feed as the facing cut. 

The star-feed apparatus is so called because a star- 
wheel at the end of the slide screw (Fig. 22) encounters 
a fixed pin on the machine at each revolution of the 
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Fio. 22. FAoiKa ATTi.OHfia]KX BoxiTXid ok Bobiko Bar 

At «aoh revolution one of the arms of the star-urbeel strikes 
a fixed pin and receives a partial turn 
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bar and gives a partial turn to the screw, thus the tool is 
gradually fed across a flange. In machines of the Peam- 
Richards type, which have a rotating head with tool 
slide for facing, the feed is by a continuous power drive ; 
either inward or outward motion can be instantly 
obtained. Sometimes this is valuable to rough face a 
flange on the inward feed, and finish it on the outward. 

BORING PRACTICE 

The quickest method of boring for all the smaller 
objects is to revolve them in the lathe, and feed the 
tool up from the slide rest, or from a turret, or in cer- 
tain cases from the poppet. The holding is rapidly 
effected in this manner, and the tool, or tools, may be 
brought up instantly to rough and finish bore, or 
counterbore, bell-mouth, face, turn a flange, or make a 
recess. The chief competitor in this class of operation 
is the vertical drilling machine, though it does not 
provide facilities for quick bringing into action of the 
different tools. For the simpler boring and facing pro- 
cesses, however, it is much favoured. 

The normal lathe boring tool is forged from bar 
similarly to the turning tools, and its end is bent 
around in order to give proper access, preferably with 
a forward thrust (Fig, 23, A). The finishing tool re- 
quires a straight edge, unless a reamer is employed to 
bring the hole to size and finish. To save steel, bars of 
the class already illustrated (Figs. 16 and 17) are 
extensively used ; the rectangular shanks are gripped 
on the slide rest as usual, and the cylindrical ones in a 
split or divided clamp. The amount of projection of a 
boring tool should be strictly limited to that actually 
required for going to the depth, so as to reduce spring 
and chatter. It is sometimes judicious to hold the tool 
at first with only a slight degree of overhang, and get 
the mouth of the hole truly circular and concentric, 
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after which the extended tool is not so liable to be 
influenced by the rough hole. Troubles of this sort 
have to be eliminated in turret jpractioe, otherwise the 
rate of production would be seriously diminiHhe<l, and 
the work would not be finished to tlie apocifio<l limits 
of error. One scheme is that of having a short stiff 
tool in the cross-slide, and boring out the mout h of a 
casting or forging for a short distance sufficient to 
give a concentric start to the boring bar. To a much 




Fig. 23. Standard Boring Toods to Uh» 

FROM THE SLIDK-UBaT 
A. For roughing 

JB. For finishing, or working up to a square Hhoiildt-r 

greater degree, however, the notion of piloti:ig is 
adopted ; the bar is projected forward to a length which 
ensures entry into a steady bush before the cuUt'r 
begins to operate. The bush may bo either fittoii n 
the spindle nose, or into the chuck, the latter being 
often the better way. The outfit for this stylo appears 
in Fig. 24. The other bars in the turret, for facing, 
counterboring, reaming, etc., should be also similarly 
piloted for accuracy, though sometimes the reamer is 
a floating one, as will be seen later. Piloting direct in 
the bored hole instead of continuing to use the bush is 
occasionally noticeable, after the hole has been truly 
bored ; a :^ish boring tool to smooth and sijEe the bore, 
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or a oounterboring tool ia thus guided. Another mode 
of accurate centralizing is to put a cutter in the end 
of a bar, to face the bottom of a hole or cut it to a 
special contour, and have an enlarged diameter on 
the bar just behind the cutter, this enlargement fitting 
closely in the bored hole. 

Articles that are difficult to chuck and run in balance 



Fio. 24. PiunsrciPLE op Piloting a Bab in the 
Tureex Lathe 


in the lathe (excepting by more or less elaborate clamp- 
ing, and the setting of balance weights, or the use of a 
special fixture) are best bolted to a slide, and the bar 
revolved, while the slide feeds along. This has been a 
long-established method in the lathe, and is still the 
only way with amateurs and the small workshops of 
very limited equipment. The principal disadvantage 
is that of limitation of height over the saddle, and the 
necessity for tentative packing and wedglng-up to bring 
the axis of the intended bore in lii^e with the lathe 
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axis. On regular boring maohinos there is a good range 
of height adjustment, either by means of a rising and 
falling table, or a spindle slide moving up and down a 
column. Purthermore, instead of mounting the har 
between point centres, as in the lathe, it is solidly s\ip- 
ported in cylindrical bearings, and there is no trf>uble 
from end-long expansion due to heat, which causes a 
difference in the running of a bar between centri's. It 
should be mentioned that as a certain amouttt of heat 
is bound to develop in boring, a finishing cut should 
never be stopped after once starting through th<‘ boro, 
or a slight ridge will be apparent at the resumption. 
The natural spring of the bar and the machine and work 
sometimes has a little to do with this fault. 

Other reasons why a bore is unsatisfactory include 
the use of a bar which is too weak and springy for its 
duty; inefficient clamping of the cutters, and tiu'ir 
wrong grinding or tempering. Excessive rakt> or c^lear- 
ance causes digging in and chatter, while insuffitutmt 
forces the cutter away from the metal, and nmkt's it 
follow the rough bore, more or less, instead of producing 
a circular and parallel hole. Too hard an tsige is lijtble 
to chip out and so spoil the cutting diameter, while if 
too soft there is soon a reduction in size as wtdl as 
in cutting power. What may bo termed nibbling at 
the work is likewise productive of inaccurate boring, 
that is not setting the roughing out sufficsiently <U‘ep 
to penetrate to clean metal aU along the hole. If the 
tool scrapes over the low black places instead of going 
beneath the scale, the edge will be pushed away there- 
from and the bar and work will spring. But a good 
heavy out, even if taken at a slower rate of feed, bur- 
rows under all the scale and is thus unaffected. In a 
roughing out it is the comer of the tool which does the 
cutting, but in a finish out the length of edge in oontaot 
with the bore helps tp steady the bar and to impart 
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a smooth finish. Some heads have steady blocks of 
hardwood or brass, such as three equally interspaced 
with three cutters, and these blocks fit the hole and 
exert an excellent steadying influence. The idea is not 
perhaps adopted so much as formerly, partly because 
machines and bars and tools are better made and 
conditioned, and because so many bores are after- 
wards sent to be ground on precision machines, if high 
accuracy and fine finish are desired. Furthermore, it 
is often better to rough with an outfit minus such 
steadies, and effect the finishing by means of a reamer, 
the six or more blades of which afford a perfect steady- 
ing action. 

The setting of a piece of work to be bored depends 
on how the hole must be located. Very frequently 
there is no exact position essential, and the hole simply 
follows the bore as nearly as possible . The other surfaces 
of the casting or forging are then machined in relation 
thereto. Or the piece has to be lined out carefully with 
scribing block, rule, square, compasses, etc., on the 
marking-off table, or with the help of a sheet-metal 
templet, and the bore or bores have to be kept strictly 
to the circles centre-popped on the whitened end faces. 
This entails rather more care in some cases, because 
the circle must be set to run true in the lathe, or adjusted 
in the boring machine to he concentric with the bar. 
In the latter instance a wire pointer can be held in the 
bar, and the same rotated to test the concentricity, 
or sometimes a sheet-metal disc is threaded over the 
bar, and laid against the circle and viewed. It is often 
the custom to strike a larger, or “ witness,” line extra 
to the boring circle. This line affords a witness to 
whether the hole has been bored exactly true, and if 
such is not the case, steps may perhaps be taken to 
alter other machined surfaces by a correction of the 
lining-out before dealing with these. 
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Cross-settings are frequently desired, in order to boro 
two or more parallel holes. Such sotting is offectt^d 
either by a cross-motion of the table slide, or of the 
spindle head, according to the design of machine. 
Repetition boring of such a nature is either done with 
the assistance of a jig, with holes which guitle tlio bar 
exactly to the required position ; or the cross-slide is 
set with a spacing device, consisting of a cylimlrical 
bar of length equal to the pitch of the holes, this being 
laid between stop blocks on slide and table, so aiding 
as a gauge. If only a few articles are to be bortui alikt\ 
the setting is made by means of a rule or some typ(‘ of 
adjustable gauge. 

The rotary table is a useful adjunct on which to 
bolt objects that need boring and facing on iqjposite 
sides, dr at right or other angles. Its rim is graduated 
in degrees, and any angular setting may thus be maiie. 
Another fitting is the square revolving tal>le, swivtdiing 
on a pivot pin. This affords a large area to carry work, 
and is fully supported upon the main tabh‘. Four 
clamps pressing on ledges hold the fitment down, afti r 
the' necessary setting has been arranged. Fre<{uently, 
automatic locking at right angles is arranged l)y mi'uns 
of a tapered plug pushed into one of the four notidus 
around the base, and then secured with a bolt (Fig, 2.'>). 
Subjects dealt with by the aid of this quartering attacli- 
ment include engine and pump cylinders, beds, maclxiuc 
framings, gear-boxes, steam and water valves, axid pipe 
castings with two or more flanges at various positions. 
On the more complete boring machines it is possible 
to do drilling, facing, milling, etc., so that a rather com- 
plex casting may be fully machined without removing 
it from the swivelling table. Occasionally, the indexing 
action is employed to revolve a multiple jig or fixture 
into the four positions, each face or level area of the 
same holding an article to be bored and faced. The 
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operator can remove a finished piece, and reloa<l at on© 
of the stations during the boring at auotiier. 

The snout boring machine is a usefid type whieli does 
not use a long bar of tho usual class. It has instt^ad a 
long snout or tubular casting in which the lu)ring 
spindle runs, and is thus able to penetrate deiij)ly into 
a hole without loss of rigidity. The dosigrx })ossc'sses 
special value for dealing with blank-ended holes, or 
those with only a smaU aperture at the entl, not big 
enough to admit the boring bar usually passed through 
a bore. On the Pearn-Richards combinatioti intiehiiU'iH, 
mentioned previously, a modification of tho snoxit dcivice 
is utilized for miscellaneous operations md so conveni- 
ently performed in the ordinary manner. A ttdcis<!opio 
snout is fixed into a socket bolted to tho slide of tho 
driving head, which slide possesses the usual radial feet! 
action either outwards or inwards. Tho tool held in tho 
snout may therefore describe a circle of any desired 
diameter for simple boring, tho axis being central with 
the machine spindle axis ; or, using the radial ftx'd, a 
flange may be faced off or an internal face <lone. Tho 
periphery of a flange can also be tvirned or “ edged.” 
These processes are illustrated in Fig. 2(5. 

REAMERS 

Some classes of work are done quite well enough if 
the holes are drilled or bored, either with a mo<lerato 
finish and accuracy, or a rather good condition in these 
respects. But the reamer as a finishing an<l sizing tool 
is so simple to use that its services are in universal 
demand for completing holes, even though it woidd l)e 
feasible to treat these with the drill or boring tool alone. 
The trouble with either tool is that of sizing, which 
needs careful grinding or setting, and the maintenance 
of these conditions. It is simpler to rough out and let 
the reamer take care of the exact size, which it will do 
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fot a long period, owing to the small quantity of metal 
it has to remove. Its guidance also is excellent, because 




Fiu. 26 . SoMK ojj’ THK Operations with Telescopic Snout 
AND Facing Head on Pearn -Rickards Machines 

of the number of edges bearing in the hole. The half- 
round reamers do not enter much into engineering prac- 
tice, though largely utilized for fine instrument making, 
amateurs’ work, and such-like. Their cutting powers 





.862 


WORKSHOP PRACTICE 


are somewhat indifferent by contrast with the multiple- 
toothed tools. A simply made reamer, however, and 
one able to endure hard rough service, particularly 
with the ratchet brace, can be prepared from btir after 
the style of Fig. 27 A, grinding the end similarly to a 
flat drill ; this outs well, and the body affords good 
guidance in the hole. It is sometimes termed a broach, 



Fio. 27. Txtbss OS' Rbambsbs 


as is also the next example, R, the old rose reamer, an 
excellent tool for accurate and fine finishing. It only 
cuts by the teeth on the end. The grooves allow the oil 
to spread weU over the body. A modification of the 
half-round reamer is. occasionally used, consisting of a 
cylindrica,! body with three or four teeth cut along one 
side, leaving the other half of the circumference to act 
as a steady in the hole. But in most instances a full 
set of teeth is out around the body, Q, both for parallel 
and tapered kinds. Sharpening is done on the oyHn- 
drioal grinder or in the lathe, and a fine edge completed 
with the oilstone. Chattering usually caused by 
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attempting too heavy a removal of metal -with the 
reamer, or by reason of the teeth possessing excessive 
clearance. An idea often practised is that of spacing 
the teeth irregularly, instead of at exact equi^stant 
parts of the circle. If chatter marks begin to form 
through a hole, a regular-spaced tool will tend to 
increase these in magnitude ; but irregular spacing 
allows succeeding teeth to avoid dropping into the fine 
grooves, and the hole becomes gradually cleaned up 
to a perfectly smooth condition. The spiral flute 
reamers tend to give a smooth hole with less trouble 
than the straight flute because the inclination of the 
cutting edges is across at an angle, D. E illustrates 
nicked edges for roughing rapidly, as instead of long 
chips each is broken up into short bits, requiring less 
power to remove, as well as escaping freely from the 
hole. A slight taper at the entering end of a reamer 
enables it to start freely when turned with a wrench, 
or sometimes a very fine screw thread is cut on the end 
to draw the tool in. Machine reamers differ in the 
shape of shank, which is either parallel to grip in a 
chuck or lathe turret holder, or tapered to fit in a 
spindle or socket. The long “ chucking ” reamers are 
employed chiefly in the boring lathes and the turret 
lathes, to finish out holes in objects driven by the chuck, 
and for the larger sizes it is simpler and much cheaper 
to use a shell reamer, fitted on a mild steel shank of 
any length desired (see Fig. 28). Another sort of chuck- 
ing reamer is the three- or four-hpped, which cuts 
on the end only (like the three- and four-lipped twist 
drills previously described), but has oil grooves milled 
around the lands, giving as a result six points of con- 
tact around the hole, the result being a very smooth and 
accurate hole. 

All the solid reamers lose their size on frequent sharp- 
ening, or through wear. In the case of hand tools this 
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loss is delayed for a considerable period, but intensive 
use of the machine class renders maintenance of exact 
dimensions impossible. Sometimes a second finishing 
reamer may be kept for the final sizing, in wliich case 
a little wear on a first one is not of great consequence, 
this doing the bulk of the work of correcting the drilled 



Fia. 28. SHKLii Rkamkr Hkia) ok Lono Shank 




Fia. 29. Hand Reammh Expandko in' Puku ano 
Maohikk Rkamkr ExPANi>iflr) at Eki> 


or bored hole. Adjustable or expanding reamers, how- 
ever, can be set to cut to a precise size, an<l corrected 
after the blades have worn down. There are several 
methods of adjustment, one being to split the body, 
Pig. 29, and give a slight expansion by means of a 
taper-nosed plug ; the result is a faint* bulge along the 
teeth, but the pilot end guides the tool properly. Short 
tools may have different mode of construction, which 
is also shown in 'Pig. 29. By the separate blade 
system a much greater range of adjustment can be 
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obtained, and along the whole length. The simplest 
style has inclined grooves of dovetail shape, and the 
six blades fit these tightly, and may be driven up the 
incline so as to increase the effective cutting diameter. 
Usually, however, some sort of plug or nut device is 
preferred, the latter shown in Eig. 30. In the plug 



Quarter tutnrf of nuts filters d/ameter WSO in 



Fig. 30. Expanding Bbambjrs op Single -nut and 
Double-nut Types 


sort of tool a cone expands the set of blades, and in 
high-class types there is a micrometer graduation to 
read the exact increase or decrease of diameter. A 
further mode of expansion is simply direct — the blades 
are packed out with tinfoil or hard paper, and the 
screws tightened again (Fig. 31), after which the reamer 
is put in the grinding machine and the cutting edges 
touched off to the desired diameter. This method gives 
a very solid kind of construction, with a wide range of 
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adjustment ; new blades are eventually required only 
after a great number of resettings. 

A fi niaTiing reamer takes out such a small quantity 
of metal that a special way of holding it is necessary, 
to avoid any sort of lateral coercion of the tool. If 
everything about a lathe or machine were in perfect 
condition so that the alignment of the reamer was- 
exact, there would be no need for this particular treat- 
ment. But spindles, chucks, turret slides, holders, and 



Fig. 31 . Rbambb, Bxaub Adjustmthint bv Paokj:n<» 
OtTT WITH TlNPOIt. 


clamping devices all offer slight opportunities for 
deflection. Consequently the floating principle is essen- 
tial, and consists in the simple device of attaching the 
shank (or sometimes a shell reamer on its arbor) 
loosely, so that it may follow the hole quite freely and 
take an equal cut all around. A fastening is detailed 
in Fig. 32 ; the play must not be excessive, otherwise 
the reamer end wiU sag too much, and not start 
properly at the mouth of the hole. Frequently the 
end pressure is taken upon a ball point, or a centre 
is fixed in the back of the socket so that this centres 
the phamk and gives good results. The weight of 
long shank and. heavy reamer has no effect when 
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used in, the vertical attitude, but, horizontally, it 
causes sag, and a slight tendency to cut the hole too 
large. Heavy floating fittings are therefore made with 
one or two spring pads beneath the shank to take the 
weight and keep the tool in the central position for 
starting, without afterwards interfeiring with its float. 
Another device consists of a ball and socket fitting,' 
backward pressure being exerted against this by springs, 
also keeping the tool central at first. When a reamer is 



hollow to conduct lubricant to the point, the supply 
may be pumped through the holder. 


COTJNTEBBORES 

The parallel enlargement of the mouth of a hole for 
a certain distance as distinct from countersinking, 
which implies a conical recessing, is done differently 
according to the size. The large holes which are made 
by boring can be counterbored with simple flat cutters. 
In largo holes the cutters go in a head. Piloting is 
done by direct fit of the bar in the hole in turret lathe 
and vertical lathe practice. The small counterbored 
holes require a tool with sufficient stem to act as pilot ; 
some are made in one piece, but it is often better to 
fit an inserted cutter, This permits of doing different 
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diameters, and in case of the cutter breaking a renewal 
is easy. The pilots are also removable in many designs, 
being made as bushes, to provide various sizes. These 
features are illustrated in Fig. 33, 

COUNTERSINKS 

A good deal of rough countersinking, especially for 
rivets, is performed with a flat drill of suitable angle. 
This is quick, and the tool is cheap and easy to sharpen. 



Fig. 34. Countersinking Tools 

It does not always give a smooth or accurate finish, and 
is not good enough for many purposes. The alterna- 
tive is either to provide a steadying influence in the 
form of a pilot, or to increase the number of cutting 
edges, the former method being common in turret 
lathes. The cutter is then either fitted direct in the 
bar, or is made in two parts, and held on each side of 
a head for large diameters. A four-lipped tool is shown 
in Fig. 34, also including the combination drill and 
countersink, which is invaluable for putting centre 
holes in work to be mounted on centres. 
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TREPANNHiTG 

Such an operation becomes essential when a fairly 
large hole has to be cut in thin material, or a lot of 
metal taken out of a solid block. In either case, the 
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labour of drilling or boring out so much metal in the 
usual msamer is unnecessary. Plumbers and others 
who handle sheets and plates for tanks and various 
vessels ettiploy a cylinder saw, or simple tool of the 
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style represeiited in Pig. 35, but for continued use in 
drilling machines tools with two, three, or four remov- 
able cutters are chosen. The cutters are firmly clamped 
in the manner depicted also in Fig. 35, and are per- 
fectly supported by the curved portions of the body. 
Sometimes a preliminary hole is drilled in the plate 



Fig. 36 . Eocentbio Recessing Tool which is Fed 
Radially into a Bore to Out a Recess 


for the pilot end, but the class of tool shown has a 
point centre that just needs a heavy centre-pop in the 
plate for location. The centre recedes into the shank 
as the disc of metal is gradually cut out. 

RECESsma 

This is a process mostly effected in the lathe, one of 
the chief reasons being to provide a free space for a 
threading tool or tap to clear into. A tool from the 
slide rest (or the cross-slide of a turret lathe) may be 
of simple bent form, like B in Fig. 23, of suitable 
width. Quicker application is, however, made if the 
tool is slid up by the turret, and then fed outward to 
the required distance when it has entered the proper 
depth into the hole. For small tools, an eccentric or 
a swing action gives the radial throw, while heavier 
sizes have a straight slide, moved by lever or screw, this 
principle being also suited for facing. An eccentric type 
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may be observed in Pig. 36 ; the amount of throw is 
regulated by a stop screw. 

TEDE2 IKIEASUBEMENT OF BORES 

It is not such a simple matter to ascertain the size 
and condition of a drilled, bored, or reamed hole, as it 
is of a turned or ground bar. There are four ways : 

/ by ordinary leg calipers, by 

micrometer calipers, by rod 
/■ — ^ gauge, and by phig gauge. 
/ . The first named require to l>e 

/ >r^ y applied carefully, so tis not to 

( got the tips across the hoU* 

V either in the forward or tlu^ lateral 

direction — cartiful sensing of tlu^ 
1 / touch is necessary while the tool ,is 
I A \ held delicately, as shown in Pig. 37. 

. The micrometer caliper is eitluT of 

/'ll \\^ beam class, with narrow jaws for 
entering small holes, or of bar type 
(Fig. 38), or else of straight style, the 
measuring tips being in line with the 
body of the tool. One kind of this 
last seen is in Fig. 39. The rod gauge 
Fig, 37, Mode oe is a simple piece of round steel with 
Holding Calcpbrs rounded tips, to measure a single size, 
or if fitted to slide in a socket, a range of tliameters. 
The plug gauge is also a fixed tool, and has the advan- 
tage of showing whether the hole is fairly true as 
regards roundness and parallelisn^. In repetition work 
limit gauges are employed ; the oversize, or “ not go ” 
end, must not enter the hole, and the “go ” end must 
do so. If the first enters, it means that the hole is too 
large for the specifications, and if the second does not 
enter, it means that the hole is too small. Tapered 
holes have their appropriate tapered plugs. 
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JIGS AND FIXTURES 

The primitive method of starting a drill, or of adjust- 
ing a boring tool or its work to position by reference 
to a oentre-pop, or a scribed circle is suitable for all 
operations on general work, but it is not good enough 
nor economical when a quantity of pieces require to 
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Pio. 39. Johansson Inside Miceometek with 
Handue Attachment eob Deep Holes 

have similar treatment to specified limits. Drills must 
therefore be located and guided accurately, or bars 
guided in an appliance which ensures the work always 
occupying the same position. The variations in prac- 
tice depend on the shape and size of the articles, and 
sometimes the length of the holes. Some bores for 
instance may be done with a bar piloted at one side 
of the piece, while in other cases the bar must have 
support on each size of the work. The simplest drill- 
ing jigs are pieces of plate clamped on the flange or 
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other element to he treated ; the most elaborate are 
enclosed boxes with hinged covers, and numort)UH drill 
bushings on the various sides ; such a jig is either turned 
over successively on to the drill table to expose the 
several flanks to the drills, or is mounted in a swivelling 
holder. 

Pig. 40 explains the principle of a simple jig with no 
means of locating, this being just set concentric with 



Fio. 40. Drilunq- Jio S®t by Hand 



Fio. 41. Locaxion by Tubnbd Rpioot 


the outside or the inside of the flange, and secured by 
a couple of screw clamps. As a reasonable depth of 
guidance is necessary for the drill, preference is usually 
, given to fitting bushes as shown, rather than making 
a very thick plate. The bush method makes a cheaper 
and lighter jig, and the bushes can be made of the best 
.material, hardened, and renewable when worn. In 
many cases, thou^ not in this example, bushes lift 
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{Alfred Herbert^ Ltd,) 

Fig. 42 . Simple Jig System for Drilling Steel Plates on Ball Bearing 

Drilling Machine 
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out for the purpose of substituting others, such as to 
guide first a drill and then a reamer or other tool. 
The next step in location is that of forming a spigot 
on the jig plate, such as drawn in Fig. 41, which fits 
accurately in the central hole already drilled or bored. 
Such a method acts well for many objects, but there 
are others where setting has to be done by an outside 
edge ; this may be effected by pegs fitted in the jig 
plate and standing down to a sufficient distance. Their 
number depends on the shape of the article, two being 
sometimes enough, sometimes three, or more if the 
contour demands it. Frequently, one or two lateral 
screws passing through lugs clamp the jig against the 
work edges, always in a similar position for each unit, 
the principle being sometimes better suited than 
ordinary top pressure of clamps. 

The manner of location of an object in a jig or fixture 
depends upon two main factors, firstly the condition of 
the piece as regards shape, roughness, or variation in 
sizes of successive units, and whether location has to 
be made in regard to a finished surface ; and secondly, 
how the cuttings are to escape. It is no good to provide 
rigidly fixed locating surfaces when a batch of castings 
or forgings varies slightly in those dimensions concerned 
with the setting. Nor is a partly or fully enclosed box 
suitable for rapid production if the cuttings accumulate 
within it and clog the locating spots, so that consider- 
able cleaning becomes necessary before the next piece 
can accurately be inserted. These two main require- 
ments are met by various accommodating arrange- 
ments, such as movable blocks or pads or vees, or by 
a special design of clamp which effects the holding ; 
and by allowing ample chip space in a box, or making 
openings for- escape. The support of the work upon 
raised lugs or studs inserted in the metal gives a clear- 
ance result, and these spots are readily cleaned off and 
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insjpected to note if they are fit for the reception of a 
fresh article. 

The clamps are important details, because upon their 
quickness of tightening and release the output of the 
machine partly depends, especially in cases where the 
drilhng, reaming, or boring operation consumes only 
a short period. The methods comprise pressing directly 
screws on the work, screw clamps, using ordinary 
screws, or else those with self-contained handles, avoid- 
ing the need for a separate spanner, and cam or toggle 
devices giving the most rapid action. The instant 
release of the clamp is secured by these last-named 
mechanisms, but the screw-tightened clamps must 
either slide back or swing aside to save time. Many 
jigs have hinged covers, tightened with one or two 
wing-nuts, and the cover thus acts as a clamp as well 
as for holding drilling bushes (see Section XXT). 

The following photographs serve to explain many 
interesting points about jigs, in a rather clearer fashion 
than would be possible by means of drawings. Figs. 
42-46 illustrate equipment on the ball-bearing drilling 
machines made by Alfred Herbert, Ltd., of Coventry. 
Very simple fixing occurs in Fig. 42, where steel pieces 
are simply pushed into the jigs, and the drills brought 
down by means of the hand levers. An automatic or 
self -engaging feed comes into action the moment a drill 
touches its work, and this continues to the desired 
depth, upon which the feed stops and the spindle 
goes back up to its original position. One operator can 
thus without undue fatigue keep the machine going, 
at an output of eight pieces per minute, the drills being 
I in. diameter. 

Fig. 43 shows an ingenious method of holding circular 
pieces, this being done by means of levers working on 
the toggle principle, giving a tremendous grip, and 
being rapid in action. The objects shown can be drilled 
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at the rate of one in 16 seconds at each spindle, one 
attendant comfortably looking after the three jigs. 
It will be noticed that the drill guide bushings are held 
in brackets attached to the machine uprights, a con- 
venient way to afford the best visibility and freedom 
from chip choking. 

An interesting application of a multi-spindle attach- 
ment to the spindle of the ball-bearing driU is seen in 
Fig, 44 ; this drills and countersinks five holes in a 
carpet-sweeper frame, shown in the jig, and also loose. 
The method of location is by a hole bored in the back 
of the fixture for the spigot of the sweeper frame to fit 
in, and then the two knurled knobs at the sides of the 
fixture are turned to close in the locating pegs entering 
holes already drilled in the two bosses. The piece is 
thus located in exact position for the drills to enter. 
An important feature of the equipment is the use of 
guide pillars and a jig-plate, which lies between the 
pillars, and is carried on a stud fixed in the centre of 
the drill-head, this stud being visible between the front 
drill-spindles. Thus the drill-head, the jig plate, and 
the jig base are all connected and maintained in perfect 
alignment. The action of this combination is as follows : 
After the work has been locked in the jig, the machine 
spindle is fed down and the jig-plate comes into contact 
with the work. Then the five drills operate until the 
proper depth of holes has been reached, and the coun- 
tersinks made to the correct size. On raising the 
spindle the drills withdraw from the piece, and the jig- 
plate is picked up with the driU-head, leaving the work 
free for removal and the insertion of a fresh piece. The 
time taken to drill and countersink is 15 seconds, or 
four units a minute. 

A fine example of the application of multiple drill- 
ing and tapping heads may be studied in Figs. 45 and 
46. The machine is of two-spindle type, driving a 
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six-spindle drill-liead, and a two-spindle tapping head 
with reversing mechanism. The work, a clutch plate, is 
held in the jig by a pivoted pad kept open by a spring 
on the looking bolt. The jig is slid along in the guide- 
ways, with a screw top for centralizing at each limit 
of travel. The drill-head has a locating plate with 
taper flanges underneath, which holds the work central, 
and also forms a drill-jig. The actions of the drills, 
jig plate, and base are similar to those in Fig. 44, but 
coiled springs are provided to take the weight of the 
heads and jig plate, so as to relieve the main spindles 
of the extra weight. The chips are removed through 
the ends of the jig, whence the flow of coolant also 
gives a clearing stream bSick to the machine table and 
thence through the usual strainers to the tank. Three 
pieces a minute are drilled and tapped, there being 
four in. holes and two in. holes the latter being 
tapped to ^ in. 

Fig. 47 deals with the jig system for a fairly heavy 
component, the gear-box for a commercial motor 
vehicle. There are three separate settings, that illus- 
trated being for the first. Messrs. J. Archdale & Co., 
Ltd., of Birmingham, made the equipment to suit one 
of their large multi-spindle machines. The drilling- 
plate is mounted on spring posts so as to leave the jig 
clear for unloading and loading directly the operation 
has been completed. A trough is cast round the plate, 
which being flooded with the coolant guarantees an 
ample supply to each spindle with a minimum of piping. 
The jigs are placed upon an indexing table and, as the 
drilling at one jig finishes, the table is moved along on 
rollers and a stop sets the second jig under the drills. 
As these again operate, the other jig is unloaded, and 
a fresh case laid in, ready for running the table back, 
and so on. Fig. 47a shows a close-up view of the slid- 
ing jig plate on the machine illustrated in Fig. 47. 
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A fixture holds work, hut does not guide the drill or 
other tool in any way. Its use in the drilling machine 
is chiefly confined to holding pieces in which the posi- 
tion of the drilled holes is not required to be very exact, 
or the drills are very short, or are of the countersink 
class. But for work such as counterboring, some kinds 
of reaming, many sorts of boring, and sometimes tap- 
ping, a fixture is suitable. In the lathe especially it is 
very valuable for receiving objects not suited to go in 
the chuck jaws, to be drilled, bored, reamed, as well 
as turned and faced. A great many such fixtures are 
of the angle-plate type, a casting or forging being held 
by a foot or flange on an angle plate, with appropriate 
locating elements in the way of strips, studs, screw- 
points, a spigot, or other surfaces. For a moderate run 
of like pieces the angle plate can be of standard type 
suitably fitted up, including the clamps, but special 
plates are cast for large outputs, many being of a cradle 
form to take the work better and apply the holding 
clamps. The necessary balance weight is either cast on 
the plate, or attached with screws, the latter being 
often the more convenient way, both for purposes of 
machining the fixture and of making alterations for 
different sizes of work. Also the plate is often cast 
with a circular foot to bolt to the face plate or chuck 
face. 

An indexing fixture possesses sliding or swivelling 
action for the purpose of placing the article in two or 
more positions to deal with holes either lying parallel 
or at angles with one another. This type is very useful 
for handhng difficult shapes that require several opera- 
tions in the turret lathe, with close limits. Fig. 48 
depicts a neat construction of sliding fixture to locate 
the bores of a twin motor cylinder (H. W. Ward & Co., 
Ltd., Birmingham) for one of the firm’s turret lathes ; 
the operations include boring, bottoming (with the .tool 
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seen), reaming, bell-mouthing, and facing. The cradl 
in which the casting is located and clamped has a cross 
sliding movement on its base, with hardened and grouni 
steel plugs fitting in bushes for exact location. Th 



Fig. 47a. Close-up View oip Machine Illuh- 
TBATED IN FlO, 47, SHOWING DETAILS OP THE 
Sliding Jig Plate 


slide is locked by a binding strip to avoid undue pres- 
sure on the locating plugs. The change of position is 
effected by means of the part pinion and rack, using a 
tommy handle in a hole in the balance weight which is 
attached to the pinion. The weight is so arranged that 
its partial swing brings it into the correct position for 
balapce in either of the two settings. 
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MACHINES FOB DRILLING 
AND BORING 

For most ordinary operations, the two factors 
governing the type of machine used are the size of the 
work and the size of the average hole. Some bulky 
pieces are put on machines which only operate small 
drills, while quite small pieces may be handled in 



(H. W. Ward & Co., Lul.) 

Ftcj. 48 . Sliding Fixtttbb you Locating thn Borns of 
A Twin-cyltndnr Engink Casting 

machines making large holes. These two conditions 
are, however, the exception rather than the rule, and 
a small machine generally drills or bores small objects, 
a big one, large castings and forgings. The tiniest drill- 
ing appliances are the portable pneumatics, held in 
one hand, and weighing about 2 lb., and the largest 
machines for drilling and boring those of the travelling 
standard type which operate on huge castings while in 
a fixed position on a floor plate of considerable area. 
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The spindle saddle travels up on the column to a height 
of about 16 ft. from the plate level. Another huge tool 
is the boring and turning mill, the largest swinging 
work nearly 50 ft. in diameter. 

Portable machines comprise the hand-geared drills, 
the ratchet drills, and the pneumatic and electric tools. 
Some of these are held by the hand alone and forced 
up ; others need a resistance to take a screw-feed 
against. Large numbers of these appliances are iisod 
in both partly finished work and during assembling 
processes ; it is cheaper and quicker to tiso a j)ortable 
machine than to carry the work to a fixed machine 
for a short period of drilling or boring, while as fram- 
ings gradually assemble and positions of holes are 
definitely settled the portable drill enables drilling, 
boring, reaming, countersinking, etc., to be expediti- 
ously done. Reboring of cylinders is another field for 
the portable machines, the only dismantling necessary 
being that of the removal of the covers to pass the bar 
through. 

Small fixed drills. comprise the hand-driven ones used 
by blacksmiths and others, and they are rather slow 
in action compared with those driven by power, and 
the belt- or motor-driven designs that run at high 
speeds and give fast production. The latter are sensi- 
tive, that is, instead of there being a screw-feed to the 
spindle, the pressure is given by a lever which enables 
the cut to be felt and regulated with the least risk of 
breaking the drills. The best machines have ball bear- 
ings to all the running parts, enabling high speeds to 
be maintained without over-heating. Bench machines 
and column machines are much alike, but the former 
have a fixed base, restricting the depth of work, and 
the latter a table sliding up and down a column, giving 
a^ distance of about 3 ft. from spindle to table surface 
in the la^er sizes. A narrow long belt is the favoured 
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system of driving the spindle, jockey pulleys being 
adjustable to set the tension, and to alter the position 
if the spindle pulley has two or three steps. Some 
machines have a little electric motor with spiiullo stand- 
ing vertically at the rear of the column, and a corti or 
belt on steps gives two or three speeds to the spindle. 
A speed of 10,000 to 12,000 r.p.m. is quite common in 
many machines, but much higher rates are possible, 
these great speeds being necessary in order to impart 
the correct surface speed to the fine gauge drills. The 
principal features of a drill are illustrated in Fig. 49. 

Three variations arc noteworthy in regard to the 
sensitive drill. 

The first is that of extension of range to drill over 
large areas, such being accomplished by fitting the 
spindle in a saddle adjustable along a swivelling arm, 
so that the spindle may stand at from 2 to 4 ft. maxi- 
mum distance from the column. The drive is convoyed 
by means of an endless belt running over an idler at 
the outer end of the arm, and jockey pxilleys on the 
saddle to lap the belt around the spindle pulley. Or 
an electric motor mounted on the saddle eliminates the 
long belt drive. The second modification is to employ 
multiple-spindle construction, either two, three, four, 
or six spindles operating over the one work table. This 
either enables a different set of drills or tools to be 
used in rapid succession, or more than one attendant 
to use the machine. If the spindles are adjustable for 
distance apart, the machine can be employed for drill- 
ing two or more holes in one piece. The third modifica- 
tion embodies automatic engagement of the power feed 
when the operator pulls the drill down on to the work 
with the sensitive hand-feed lever. This causes the 
automatic mechanism which is fitted to the spindle feed 
to function, as mentioned in connection with Figs. 42 
and 43, where it appears. 
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UPRIGHT DRILLING MACHINES 

This term covers a considerable number of types in 
which the main frame is composed of a oyl^drical 
pillar, or of a rectangular box column. The work rests 
upon the base plate, or, if of moderate height, upon 
the table that is adjusted up and down the column. 
In some cases the spindle head is cast solidly with the 
column, in others it slides up and down above the 
table, so as to give an extra range of adjustment 
beyond the normal feed of the spindle. The methods 
of feeding the spindle are by direct lever pressure 
acting on a pinion and rack, by screw or worm and 
wheel action for greater power, or with automatic feed. 
A range of speeds is given by cone pulleys or gear-box, 
with back gearing for the heavier cutting, and a reverse 
motion for tapping may be incorporated. The differ- 
ent rates of feed are provided by cone pulleys, or prefer- 
ably with a gear-box, giving ample power and the means 
of quick selection. The cylindrical pillar on which the 
table bracket may be slewed gives facility to bring any 
part of the surface under the tool, in combination with 
the rotary adjustment of the table by its stem. But 
when the table bracket fits on flat surfaces on the 
upright, slides must be added to provide similar setting 
convenience. If the knee is just plain, the work-piece 
must be adjusted to position before tightening the 
clamps which secure it. Should a jig or fixture be 
employed this automatically sets the piece under the 
drill, if there is only one hole to be drilled, or there may 
be a sliding action of the jig for several holes. 

The machine in Fig. 60 gives an example of the 
features of back-gear, six positive rates of feed, and 
feed by lever or by worm and wheel, and sliding head 
with movement of 18 in. The spindle speeds range from 
22 to 300 r.p.m. 
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The box-body machine has massive construction to 
withstand heavy drilling continuously, and is often 
termed a manufacturing machine. Nickel-chrome steel 
is employed for shafts and gears, and the bearing and 
lubricating arrangements are designed for severe duties. 
The stiffness of the head containing the driving and 
feeding mechanisms is enhanced by the enclosed form 
of castings used, and the compound work table is 
adjusted vertically by a screw and supported by slotted 
braces to resist deflection. These details are seen in 
Fig. 61. For general duty the machine possesses a 
9-speed change-gear box, giving 18 speeds by double 
gear on the spindle. But if the work is similar for good 
periods, the change-gear box is not necessary, the 
occasional speed changes for a new batch of work being 
made by means of suitable slip gears, which are put 
on studs to give the desired ratio. The spindle has 
six upstanding keys or splines cut solidly with it, for 
the spindle gear to drive, instead of the usual one or 
two sunk key ways. This gives great durability against 
the heavy driving and sliding action. All the operating 
levers are brought to the front, so that the man may 
effect all changes without moving. The test duty for 
this machine is that of drilling a 3 in. hole in mild steel 
at the penetration rate of 2 in. per minute. 

There are many designs of upright drills built on 
the multi-spindle principle, , with either fixed or adjust- 
able centre- to-centre distances of the spindles. The 
framing is sometimes that of the box column multi- 
plied, and a common table for the work, or jigs. The 
settings of the spindles and the feeds are independent, 
or may occur in unison, while occasionally it is the table 
that feeds upwards, such as in the gang drilling machines 
for girders, beams, and long articles. Clusters of drills 
are either run in an attachment to a standard single- 
spindle machine, or the latter is built permanently 
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with a multi-head. These features may he seen in 
Figs. 44-47. Many double-ended horizontal machines 
are constructed with clusters of spindles to drill on 
two or more faces simultaneously. 

RADIAL DRILLING MACHINES 

These most usefxil tools are found in practically every 
works, because of their range of action ; the spindle 
saddle slides out from the column to a considerable 
distance, and the arm can be swung to a good radius, 
often a complete circle. Large areas may thus be 
covered, or two or more objects can be adjusted and 
clamped on the base or a duplicate table during the 
driUing operation. The old objections of difficulty of 
handling have vanished, and the motions of swinging 
the arm, traversing the carriage, and of locking and 
unlocking these are readily accomplished without 
fatigue. What is termed centralized control enables 
the attendant to work the drill without moving his 
feet. 

The smallest radials have the arm always at a fixed 
height, so have the girder or plate radials, which work 
on constructional steel and do not require the varia- 
tions in range of height of the machines for general 
work including castings. The elevation of the arm 
otherwise necessary is effected by a drive through 
clutches to the screw, or by an electric motor with the 
same result. The best machines have the arm clamp- 
ing device interlocked with the elevating control, so 
that the motion cannot be started until the clamps are 
released ; nor can clamping be done while the elevating 
mechanism is running. The Arohdale drill in Fig. 62 
has a single lever, seen at the bottom of the bright 
part of the column, which unlocks the arm and simul- 
taneously engages the elevating motion, so that time 
is saved and accidents are impossible. 
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A good many holes are usually drilled while the arm 
stands at the same height setting, but a change of drill 
position becomes necessary for each hole, hence rapidity 
of release and re-clamping of the swinging of the arm 
and the traverse of the saddle is essential to save all 



Fiq. 52 . Abohdalb Hbavy Radial Dbilliko Machine 


the time possible. One lever, named in Pig. 63, binds 
the saddle to the arm, and simultaneously the column 
which fits around the middle pillar. The arm is easily 
pulled round, being mounted on roller bearings at top 
and bottom. For traversing the saddle, a hand wheel; 
also named in the photograph, is turned. The change 
of spindle speed by means of the gear-box built into 
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the saddle is effected by two levers, while to start, stop, 
or reverse the direction of rotation of the spindle, the 
lowermost long lever is moved. Feed changes are 
selected by one lever, after which another is operated 
to cause engagement. An automatic trip device stops 


FtED CHAHCe LEVEft 

CHAKCE SPEED LEVEftS 



SADDLE & 
SLEEVE LOCK 


EMU NEl/TRU. E 
REVERSE LEVEE 


'ENCAGE PEED 

fine feed HAMDWHEEL 
SENSITIVE FEED LEVER 
(DOUBLE DEAR LEVER 
SADDLE traverse HANDWHEEL 


Fig. 63 . The Saddle oe the Archdalb Radial Dbili. 

Showing the Conteols 

the feed for drilling to a predetermined depth. Hand 
feed may be given by the sensitive lever, or finely by 
hand wheel. 

It will be noticed that the base plate in Fig. 52 has 
three work-holding surfaces, enabling setting up to be 
done while drilling is in progress over one surface. A 
further advance may be noted in another design, where 
the column and foot are mounted to travel along a bed. 
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Thus, three work-tables and a pit can be arranged 
around the machine, so giving three setting stations 
and one for drilling, the machine being traversed, the 
arm swung, and the saddle traversed anywhere over an 
extensive area, as the traverse along the bed amounts 
to 10 ft. 

The large areas which must be dealt with in drilling 
plates for boiler and constructional shops require radial 
machines, often of traversing type, while the work may 
alternatively be slid on rollers or moved on a trolley. 
Extra wide plates can be covered without having to 
use a machine of large radius, by mounting the base on 
a cross-girder, along which it can be moved, and run- 
ning the girder on wheels on tracks between which the 
plate is laid. Any length of plate may thus be dealt 
with. The greatest degree of mobility occurs with the 
universal portable radials, supported upon a trolley 
base, to go anywhere around or on a piece of work, and 
drill holes at any angles. In some respects it is prefer- 
able to employ this machine than to use a small port- 
able electric or pneumatic drill, especially when a 
number of holes has to go in a large casting or plated 
structure, or a maohiiie in course of erection. Boring 
and tapping are included in the operations. 

HORIZONTAL DBHJiTNG MACHINES 

These are not met with to the same extent as vertical 
drills, but are chiefly applied to long objects, such as 
pipes and columns, not suitable for the vertical atti- 
tude, and to work around structures such as boilers. 
The latter have quite special designs of machines, carry- 
ing several movable columns to operate on different 
parts of the shell at once. The marine boiler is sup- 
ported on rollers in front of the several driUs, and is 
turned intermittently to bring successive spots into 
position. Special machines are built to drill and 
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countersink holes in the flanges of flues, the very short 
spindles being projected out on small brackets and 
driven with little gears, so that drilling may be accom- 
plished close to the flue periphery. The flue being held 
in a chuck can be pitched around to the successive 
locations by an indexing gear and hand wheel to save 
marking the positions of the holes. 

Much horizontal drilling is performed on special 
single- or multiple-head machines which handle motor 
components, valves for steam, water, etc., on a repeti- 
tion basis. Jigs or fixtures hold the articles, and the 
drills, reamers, facing or other tools attack from each 
side, or often at three or four locations. Completely 
automatic operation comprises fast approach of the 
sliding drill heads, then slowing down to the cutting 
rate, and ^ally rapid retirement. Production increases 
when the work is held in an indexing jig or fixture with 
an extra station, so that a drilled piece comes out to a 
position where it can be removed, the jig re-loaded and 
indexed again to bring the fresh piece into operation 
position. 


HORIZONTAL BORING MACHINES 

Great quantities of drilling are performed on the 
boring machines, as a matter of convenience while the 
work is set for boring and facing on the larger holes. 
This is quicker and cheaper than taking the object to 
a drilling machine, or using a portable drill, and ensures 
accuracy of alignment and other conditions in all the 
holes and surfaces. Tapping and the insertion of studs 
are included in the scope of a great many machines, and 
also milling. 

The necessary adjustment of position of work in 
relation to spindle is given in various ways. Sometimes 
the table possesses a vertical adjustment and has a 
cross-slide, or the table remams at the same level and 




Fig. 54 . Boring a Locomotive Cylinder on the Pearn-Richards Machine 


DRILLING AND BORING 


891 


the spindle elevates upon a column. Ror specially big 
castings and forgings a large slotted plate holds them 
immovably, and the spindle is elevated on a column 
that also has horizontal traverse, or a regular feed for 
milling. Furthermore, it is sometimes the work table 
that feeds, sometimes the spindles ; often in large 
types only a cutter head feeds along the massive bar. 

The first-named type, with vertically adjustable 
table, has been developed from the lathe with a gradual 
sequence of modifications, but the head with its cone 
pulley and back gears still shows the origin in many 
such machines. The bar is supported at the free end 
in an outboard bearing, and is fed through the spindle 
by power. This class of machine has suffered a partial 
eclipse in favour of the spindle and column arrange- 
ment, a highly convenient arrangement. The most 
advanced design is that of the Peam-Richards, by which 
drilling, boring, facing, milling, turning, tapping, screw- 
cutting, and grinding may be done. A partial view of 
the machine is given by Fig. 54, engaged on boring 
with two telescopic snouts of the class illustrated in Fig. 
26, stayed together with a screwed distance-piece and 
collars. If the ordinary long bar can be passed through 
the work it receives support in a bearing adjustable 
up and down a column bolted on the bed a suitable 
distance along, and the boring feed is given to the table. 
When work is abnormal in size or weight a modified 
type of the machine is to be preferred, with a traverse 
to the spindle, this being more convenient than adjust- 
ing the work to the spindle. In certain cases boring 
may be done while the facing slide is in operation. This 
slide, for the non-traversing spindle design, is sectioned 
in Fig. 56, and is shown in the central or boring posi- 
tion, holding the bar socket, such position being set 
by means of the stop. When a tool holder to hold the 
square shank of the facing tool is bolted to the tee-slots 
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on each side of the centre, and the slide fed radially, 
the tool faces a flange. In the traversing-spindle 
machine, the spindle is independent of the slide and 



Fig. 65. Spinpm End with Facing Hbad oi^ 
Pdahn-Biohabds Maohind 

A — Slide-feed pinions E — Faoinfit slide 

B — ^Pinion driving spindle F— Centralizing stop 

O — Tee slot G^Worm gear 

D — Socket to take 'boring bar 


may remain during the facing process. The motion of 
the slide is derived from the feed-shaft extending 
through the spindle, thence through the worm gear 
(which can be de-olutched) to the two pinions actuating 
the rack of the slide. On extra large work the outer 




Fig, 56 . Asquith 7 in. Spindle Drilling and Boring Machine Boring 
Eolling-mill Bearings 



894 


WORKSHOP PRACTICE 


pinion only does the movement. The facing tool is 
held inclining backwards to give a smooth cutting 
action, on the same principle to that drawn in Pig. 19. 
When a milling-cutter is used, the work is fed auto- 
matically by the cross-slide, or for vertical movement, 
by the feed of the spindle slide upon the column. 

Several special designs of horizontal boring machines 
are employed for certain shapes of castings, such as 
duplex cylinders, cylinders east with their beds, and 
be^ embodying various arrangements of bearings. 
When possible, two or more bores are done simul- 
taneously, and often holes at right angles (as in Corliss 
cylinders). Locomotive cylinders require a two-bar 
machine, and if the valves are of piston type, two 
smaller bars for these. Swivel setting may be made to 
bore the valve chambers at an angular relation to the 
cylinder bores. 

The column class of machine used in connection with 
a tee-slotted plate of considerable area is useful for 
big objects (Pig. 66). Instead of making lateral adjust- 
ments or feeds with .a traversing work-slide, the spindle 
saddle is travelled by its column moving along a separ- 
ate slide-way. The length of the latter may be any- 
thing desired, but in the big machines usually gives a 
feed of 16 to 20 ft. It is necessary for the operator to 
travel with it on a platform attached to the spindle 
saddle, so that at all longitudinal positions, and all 
heights, he is close to the spindle for the purpose of 
working the controls as desired. Frequently two 
columns go on one slide-way (see Pig. 67), or another is 
situated on the opposite sides of the plate, or at right 
angles. In some cases the spindle may be deflected to 
an angle as evident in one of the heads in Pig, 67,. 
while rotary movement of the column gives facility to 
bore holes out of parallel with the slideway. These 
features are seen in the massive Asquith machines seen 




(Wm. Asguith, Ltd., Halifax) 

Fio. 57. Duplex Heavy Duty Elbcxeioally-driven 
Full UjsriVEitSAL Horizontal Drilling, Boring, 
Milling, and Screwouttino Machine 
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in Figs. 56 and 67. Electric driving becomes a neces- 
sity in vie-w of the range of action required, and the 
motors are controlled by liquid starters to ensure the 
necessary fine adjustments. Portable machines for 
drilling, boiing, milling, or other processes can go any- 
where on a large plate to help the work in addition to 
the column machines on the flanks. The parts of large 
engines, turbines, and electrical machinery are handled 
by these massive machines, the floor plate being some- 
times made of sufficient area to accommodate several 
articles. One of the biggest measures 176 ft. long by 
48 ft. wide. 

VERTICAL BORING IKIACHINES 

The vertical position of bar is chosen for several 
reasons, one being that a machine built on this design 
occupies the minimum amount of floor space, another 
that the cuttings fall down clear of the tools, also the 
work can often be more readily set, and the setting 
of the tools and control of their attack be clearly 
visible. Large vertical machines have long been con- 
structed to bore big marine engine cylinders, held by 
the bottom flange in the position occupied when 
erected, so that there is no trouble with packing-up 
and arranging large clamps as would be required if the 
work were placed horizontally. For the above reasons 
the vertical attitude is chosen almost exclusively for 
automobile cylinder boring, using one, two, four, six, 
or eight spindles per machine. Sometimes the spindles 
remain at a fixed height and the work-table is fed up ; 
in many cases the opposite condition is present* The 
best results are secured when the spindles run in a head 
without means of adjustment for their pitch or distance 
apart, but fome have adjustable centre distances. The 
cylinder block goes in a jig with guide plate at the top, 
and the bottom as well, if the design permits of it. 
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Fig. 69 represents an Asquith, machine with the latter 
class of jig. The six spindles are driven by gears from 
the motor on the sHding head, and the boring bars are 
held in floating chucks, each bar having a single-pointed 



(Wm, AsQuithj Ltd,, Halifax) 

Fig. 58 . Duplex Four-spindle Boring Machine 
POR Automobile Cylinders 

cutter and a floating type reamer. The vertical traverse 
of the head is obtained from a screw. The quick tra- 
verse of the head during non-cutting periods comes from 
the auxiliary reversible motor seen on the top of the 
column, and the fine cutting feed is derived from the 
spindle driving mechanism. Two clamps hold the 
S8— (5515) 
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(Wm, Asquith, ^td,) 

Fia. 59 - Six-spiNDLB Atjtomobii-b CvLtNOBR BoiuNa 
And Rbaming Maohinb, with Jio 
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cylinder in position. The duplex four-spindle head 
machine in Pig. 58 deals with two cylinder blocks, and 
the spindles are different to those in the previous 
machine, being of the snout type. They are carried out 
in stiff tubes, with conical bushings to take up wear. 
When desired, the heads can be easily replaced by 
others carrying a different number of spindles to suit 
other cylinders. 

Although not a boring process, it is interesting to 
note the method now largely adopted to finish the 
bores of the automobile cylinders, instead of the plane- 
tary grinding process hitherto commonly adopted. A 
revolving and reciprocating hone is employed, this 
comprising a set of cylinders of abrasive material 
mounted in a circle so as to expand against the bored 
hole. After a certain number of reciprocations the head 
rises out of the way. ParalB&n is used as a lubricant, 
and the result is a very highly-finished interior. A 
machine may have a single spindle, the hone being 
lowered into each bore in succession, or all the bores 
may be finished at once, in a multiple type. This is the 
form shown by Pig. 60 (Asquith). The spindles are 
driven by worm gear, and a timing device is incor- 
porated to stop the reciprocations after any desired 
number. On the completion of the operation, the 
attendant depresses a handle, and the table is auto- 
matically lowered by power to a bottom position. The 
holding fixture is devised so as to permit of tilting the 
block forward to inspect the bores as well as for 
removal and reloading. 

BORING AND TURNING MILLS 

These are not restricted to boring any more than 
are the various kinds of lathes, automatic screw 
machines, and automatic turning machines. But fre- 
quently they engage on boring alone as a preparatory 
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(Webster da Bennett^ Ltd,) 

Fig. 61. 42 IN. Duplex Mill Bobino and Tubntng 
Tbam-oeab Fobginqs 
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stage to mounting a piece of work in a chuck or fixture 
for further operations. On the duplex-spindle mills 
(see Fig. 61) an article may be bored in one chuck and 
transferred to the other, or on to a centring fixture for 
turning, facing, grooving, etc. Boring is accomplished 
with the same tool-slide or bar which serves for other 
operations, or, in a few instances, a supplementary 
bar is carried on the cross-rail and driven indepen- 
dently to give an increased rate of cutting for a hole 
while turning is proceeding at a slower rate. Special 
mills are built to handle wheel tyres for railway ser- 
vice, and have a powerful centi’al ram descending with 
the boring tool. To speed up production, the machines 
are fitted with quick-acting crane arrangements to 
remove a bored tyre and put in a fresh one, and one 
type of mill has a chuck which axitomatically grips 
the tyre directly the spindle starts rotating. TIk^ great 
advantage of the boring mill for all work that can be 
chucked or clamped to the table is, ease of placing and 
setting on the horizontal surface, and clear view of the 
tools and their action. 

The “ size ” of the mill in Fig. 61 is that of the chtick 
diameter. The number of speeds is twelve, and there 
are six feeds. Conveniently placed lovers effect the 
changes, the. feeds being vertical, horizontal, or angu- 
lar, and these can be tripped automatically at any 
point. The rapid power traverses for giving quick 
adjustments to the tools save much time in sotting. 
It will be noted that the cumbersome weights and 
chains formerly used to balance the turrets are elimin- 
ated in favour of compensating springs, enclosed in the 
circular casings at the top of the picture. 



SECTION XVII 

GRINDING AND GRINDING MACHINES 

BY 

E. PUEE, Ehg.-Eietjt., R.N.R., M.I.Mbcit.E.. 

M.I.Mae..E. 

Chief Instructor, Ijondon County Council School of Enyineeriyxtj 




SECTION XVII 

GRINDING AND GRINDING 
MACHINES 

The very great development that has taken place 
during recent years in grinding practice can be traced 
to improvements in the manufacture of griading wheels, 
and the abrasive materials from which they are made. 
The motor-car and cycle industry, with its great demand 
for very accurate hardened steel components, is largely 
responsible for the recent improvements in grinding 
machine design. 

It can be said that nearly every department of the 
modern engineering workshop is taking advantage of 
the obvious superiority of this type of machine tool, 
over all others, for many classes of work. It can also be 
said that a machine shop is iucomplete without its 
correct proportion of grinding machines. 

The grinding machine is unlikely to displace other 
types of machine tools purely as a metal removing 
machine, but it can undoubte^y do a great deal more 
in that direction than is generally realized. Tor 
finishing operations the grinder is su^rior to any other 
class of machine, both as regards finish, accuracy, and 
time taken, not only on repetition work, but in many 
cases on single jobs. The great ease with which the 
grinder can be set-up ready for work makes it an ideal 
machine for all classes of work, except roughing. 

The idea that grinding is only suitable and economi- 
cal when dealing with hardened steel work requiring 
great accuracy, is erroneously held by many engineers, 
who cannot have had the opportunity of seeing the 
large variety of general work these machines will 

905 
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actually produce. It certainly has the advantage over 
all other types of machines of being able to deal with 
hardened steelwork with the same degree of accuracy, 
and quite as rapidly, as it can deal with the softer 
metals. 

Emery was used for many years as the abrasive 
medium, and the word grinding meaning wearing away 
to a powder by friction, might have been a suitable 
term to apply to that class of work, but the modern 
grinder is essentially a cutting machine. An abrasive 
wheel of moderate size will have some millions of cutting 
edges operating per minute, but if the metal it removes 
from the work is examined under the microscope the 
particles wiU be found to be similar in shape to the 
swarf removed from a lathe. 

It can be safely said that the introduction of grinding 
machines and grinding processes into any engineering 
workshop will lead to an improvement in the general 
accuracy and finish of the work produced, together with 
a reduction in costs. 

ABRASIVE MATERIALS 

For a very considerable period of time emery wns 
exclusively used in the manufacture of abrasive wheels 
for grinding purposes. It is mined in Asia Minor, 
Greece, Spain, and other parts of the world and is a 
grey mineral rock consisting of an aggregation of 
corundum and iron oxides, or crystals of aluminium 
oxide imbedded in a matrix of iron oxide. Although 
hard and tough, it is unsuitable for precision grinding on 
account of the large percentage of iron it contains, and 
also owing to its varying quality. It is now only used 
on rough and heavy work, such as fettling castings and 
trimming parts of steel work. 

Another natural, but more satisfactory abrasive is 
corundum (AlaOj). This mineral is found in India, 
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Canada, South Africa, and the United States of America, 
and is, chemically, aluminium, oxide, or imperfectly 
crystallized ruby or sapphire. This material is more 
suitable for accurate work than emery because of its 
greater hardness, and its comparative freedom from 
impurities. 

Two artificial abrasives are in general use, carborun- 
dum and corundum. The former has been in use the 
longest period, and is obtained by fusing coke, white 
sand, salt, and sawdust in an electric furnace at a 
temperature of about 7000° E. for a period of about 
36 hr. The coke is used to supply the carbon, and the 
sand the silicon. The sawdust keeps the mixture porous 
anjd allows the impurities to escape in gaseous form, and 
the salt assists in the chemical combination of the silica 
and carbon. The crystals obtained by this method are 
crushed and subjected to the action of dilute sulphuric 
acid to remove or dissolve the impurities remaining, and 
silicon carbide (Si C) is obtained. 

Artificial corundum or alumina is produced by smelt- 
ing bauxite, which is a yellow clay found in Southern 
France, America, Canada, and many other parts of the 
world, in an electric furnace. Its chemical composition 
(AI 3 O 2 ) is similar to the natural corundum, and it is 
artificial to the extent of being crystallized in the electric 
furnace instead of in the earth by natural means. 

THE MANUFACTURE OF ABRASIVE WHEELS 

Grinding wheels are manufactured by mixing crushed 
and prepared grit particles with a suitable bonding 
material, and then treating the mixture in such a 
manner as to produce a grinding wheel that will be 
satisfactory for a given purpose. 

For engineering purposes four different processbs 
are employed ; these are known as vitrified, silicate, 
rubber, and elastic, and refer in particular to the 
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bonding material used, and also to the method of 
preparation. 


VITRIFIED PROCESS 

The vitrified process of manufacturing wheels is 
mainly adopted because it has been found to give the 
most satisfactory results on the majority of grinding 
operations. A very open texture is obtained by this 
method, and the wheel has very free cutting properties. 

In this process the grit particles of proper grain size 
are placed with the correct proportion of feltspar clay 
and fluxes, in a mixing machine, water is added, and 
the mixing proceeds until a uniform consistency is 
obtained. The mixture is then run into suitable moulds 
and allowed partly to dry, after which a more complete 
drying takes place in a heated room. The rough wheels 
are then turned to shape and again dried, and are 
finally placed in a form of pottery kiln and subjected 
to a white heat, at which temperature the clay vitrifies. 
Considerable skill and experience is required to carry 
out this operation, and the time taken will depend upon 
the size and weight of the wheel. The actual vitrifying 
may take from three to fourteen days, and about seven 
days are required for the furnace to cool down. 

This class of wheel can be identified by its reddish 
colour, and the clear ringing sound obtained when it is 
tapped. About 80 per cent of the wheels in general 
use for engineering purposes are manufactured by this 
method. 


THE SHJGATE PROCESS 

The silicate process of wheel manufacture is one in 
which the principal bonding material is silicate of soda 
or waterglass. The mixture of bonding material and 
grit particles is firmly pressed into suitable iron moulds, 
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dried, and then baked at a comparatively low tempera- 
ture until a chemical reaction takes place and hardens 
the bond. The time taken to produce a siUoate wheel 
is much less than by the vitrified process. As a greater 
proportion of bond is required for this method than is 
the case with a similar grade vitrified wheel, the 
structure is less open and consequently less porous, and 
the bond is not so hard. The baking takes place in a 
specially built oven from which aU gases of combustion 
are exclude<J, the temperature is maintained at 600® F., 
and the time taken, varies from 20 to 80 hrs. according 
to size and weight. 

Silicate wheels can be recognized by their light-grey 
colour, they have a tensile strength of about 20001b. 
per sq. in. 


RUBBER WHEELS 

The bonding material chiefly used in the manufacture 
of what are termed vulcanized wheels, is rubber. The 
rubber is treated with sulphur, and the abrasive grit 
particles are spread between the halves of a sheet of 
this prepared material, which is then folded upon 
itself, and passed through a calender roll until the 
required thickness is obtained. The wheels are then 
formed from the sheet by means of a special machine, 
which heats and subjects them to pressure until the 
vulcanizing is complete. 

A wheel made by this process is considerably stronger 
than either the vitrified or silicate wheel, and is much 
closer in texture. 


ELASTIC WHEELS 

The principal ingredient used in the bond of elastic 
wheels is shellac. This material is mixed with the 
correct proportion of grit particles in a steam-heated 
mixing machine, producing a granular mixture of grit 
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particles, each particle being coated with the bond. 
Thin wheels are obtained by pressing the mixture into 
heated moulds of the same size as the required wheel, 
and firmly rolling by means of a steel roller. Heavier 
wheels are obtained in the same manner, but hydraulic 
pressure is used to press the mixture into the moulds. 
In both cases. the wheels after being formed are placed 
in sand and baked at a temperature of about 300° P. 
SheUac wheels will be found to be nearly black in colour. 

ADVANTAGES AND DISADVANTAGES OF THE 
DIFFERENT BONDED WHEELS 

Wheels made by the vitrified process are porous and 
free cutting, they are uniform in texture, without hard 
and soft spots, and are not affected by change of tem- 
perature, acids, or water, and are used for general 
purposes up to about 30 in. in diameter. 

The chief disadvantage is the difficulty of manu- 
facturing wheels of large diameter. The time taken in 
vitrifying is comparatively long, and largo wheels are 
liable to crack in the kiln. The great heat necessary 
for this process appears to weaken the grit particles, 
with the result that uniformity is difficult to obtain. 

Silicate wheels have been successfully manufactured 
up to 60 in. in diameter, and the time required is much 
less than by the previously mentioned process. The 
abrasive particles are not held so firmly together, 
with the result that they have a milder and less harsh 
cutting action, and consequently can be used to greater 
advantage on tools and cutters requiring a keen cutting 
edge such as reamers and milling cutters. In wet 
grinding the soda in the bond tends to give a better 
finish to the work. 

Wheels made with either rubber or shellac as the 
bonding material have the greatest strength and 
flexibility, and are specially useful where a very thin 
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wheel is necessary ; they can be safely run in water, 
but should not be used with oil or caustic soda because 
oil will tend to soften the bonding material, and caustic 
soda will disintegrate the wheel structure. These wheels 
are capable of producing a very high degree of finish, 
and are frequently used for finishing the surface of 
chilled iron, cast iron, and steel rolls, and hardened 
steel cams. Very thin wheels are used for slotting 
purposes, and for cutting ofi tubes and pipes ; also for 
slitting sheets of metal, particularly when difficulty is 
experienced in holding the work firmly. 

NAMES GIVEN TO ABRASIVE WHEELS 

The trade-mark names given to the silicon carbide 
class of wheel include “ Carborundum,” “ Carbosolite,” 
” Corex,” “ Crystolon,” “ Eleotrolon,” ” Gresolite,” and 
“ Sterbon.” They are now manufactured in Austria, 
England, Germany, Sweden, Switzerland, the United 
States, and possibly other countries. 

The nariies given to the aluminium oxide class of 
wheel made from natural or artificial corundum include 
“ Aloxite,” “ Alundum,” “ Boro-carbone,” “ Borolon,” 
“ Carbo,” ” Corem,” “ Corolex,” “ Electrit,” “ Geddite,” 
“ Rebite,” ” Rex,” and “ Rexite.” The great majority 
of the wheels manufactured at the present day by 
reputable manufacturers are satisfactory in all respects 
if they are used according to the instructions of the 
makers. Figs. 1 and 2 show micrographs of Crys- 
tolon ” and “ Alundum.” 

USE OF ABRASIVES 

The. abrasives in general use for engineering purposes 
can be divided into two categories, aluminium oxide 
and silicon carbide. The natural and artificial corun- 
duras appear to be of about equal merit, and are chiefly 
used for grinding metal of high tensile strength. Silicon 
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carbide, owing to its comparative brittleness, is more 
sTiitable for grinding metals of low tensile strength. 
The following will show the usual practice — 


Alloy steels 
Carbon steels 
Bronze hard 
Malleable iron 
Wrought iron . 


Ground with 
Aluminium 02dde 
abrasive. 


Aluminium ' 
Brass 

Bronze soft 
Cast iron 
Copper j 


Ground with 
Silicon carbide 
abrasive. 




Fio-. 3. PnoFiiiBS OF Wheel Faces 


SHAPES OF GRINDING WHEELS 

The standard shapes given to plain disc grinding 
wheels are shown in Fig. 3- All of these can usually be 
supplied by the manufacturers or their agents from 
stock. 

In addition to plain disc wheels, a very great number 

59— (35*3J 
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of other shapes are required for the different types of 
grinders, and f or.different classes of work. The diameter 
and width of a wheel will maioly depend upon the size 
and power of the machine on which it is to he used. 



A B C D E 



F G H I 

Fio. 3 a.. Sbotioits off Abrasive Wheels 


Sections of those wheels in general use are given in 
Pig. 3a, and are named as follows — 

A — Straight saucer wheel JP — Cup wheel 

B — Curved saucer wheel a — Tapered cup wheel 

O — ^Flat saucer wheel H — Cup wheel 

D— Cylinder whed J— Tee-shaped cup wheel 

B — Flat-faced wheel 

Th,6 saucer wh.eels, shown at A, (7, are oxteusively 
used oix tool and cutter grinders for the purpose of 
grinding and sharpening milling cutters and reamers ; 
D is largely used on vertical spindle surface grinders ; 
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E is secured to the end of a horizontal machine spindle, 
instead of in the middle, and is intended for work 
requiring to be ground to a shoulder, such as a small 
piston rod with the piston in position ; F is required for 
some types of tool and cutter grinders ; The form of 
wheel H is also used on tool and cutter grinders ; / is a 
special wheel required for the “ Cincinnati ” machines. 

GRAIN OF WHEELS 

The approximate size of the abrasive grit particles 
used in the composition of a grinding wheel indicates 
its coarseness or fineness, and is termed the grain of the 
wheel. After the abrasive material has been crushed, 
it is sifted and graded according to the number of holes 
in the sieve through which it has passed. Thus, when 
a 40-grain wheel is indicated, it means that the grits 
have passed through a sieve having 40 holes to the 
linear inch. In a straight-grain wheel all the grit 
particles are approximately the same size, whereas, in a 
combination wheel the grit sizes are varied, and on 
some classes of work a combination wheel cuts fast, 
leaves a good finish, and retains its cutting properties 
longer than the straight-grain wheel. When a 24-80 
combination wheel is referred to, it means that a 
proportion of all sizes between 24 and 80 has been 
used. 

Grits for precision grinding vary from 20 to 80, while 
for other classes of work the numbers run from 10 to 
200, after which it is termed flour. 

GRADE OF WHEELS 

The grade of a wheel is determined by the power of 
the grit particles to resist disintegration when under 
cutting pressure. It is obvious that the greater the 
proportion of bonding material for a given quantity 
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of grit particles, the harder the wheel must be. When 
the grits are easily broken away from the bond, the 
wheel is termed soft, and when the wheel retains the 
grit particles for a much longer period, it is termed 
hard. 

The various grades between very soft and very hard 
are obtained by varying the amount of bonding material. 
Manufacturers of abrasive wheels usually indicate the 
hardness of a vitrified wheel by means of a letter of the 
alphabet, E being soft and tJ being hard. The wheels 
in general use vary from G to S, but H to O will be 
found to cover most of the work met with in the 
engineering workshop. 

Silicate wheels and elastic wheels have their degree of 
hardness indicated as, shown in the following table, but 
this is not universal, and manufacturers should be 
consulted before wheels are ordered. 

GRADES OF ABRASIVE WHEELS 


Degree of Hardness 

Vitrified 

Process 

Silicate 

Process 

Elastic 

Process 

Rubber 

Process 

Soft . 

E 





F 





G 

G or i 

E i 



H 

Hor i 

E 1 


Medium soft 

I 

1 or 1 

E 1 



J 

J or li 

E H 



K 

Kor2 

E 2 



L 

L or 2i 

E 2i 


Medium 

M 

M or 3 

E 3 



N 

N or 3i 

E3i 



O 

0 or 4 

E4 



P 

P or 4J . 

E4i 


Medium hard 

Q 

Q or 6 

E5 

R7 


R 

P or 6 

E6 



S 

S or 7 

E 7 

R 8 


T 




Hard . 

D 



R 9 , 
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PLAIN CYLINDRICAL GRINDING 

Before commencing to grind any external cylindrical 
piece of work it is necessary to take into consideration 
the following factors — 

1 . The class of wheel to he used. 

2. The STorface speed of the work. 

3. The travel of the wheel or work. 

4. Support for the work. 

6. Speed of abrasive wheel. 

6. Type of centres to be used. 

7. Depth of cut. 

8. Water supply. 

The most difficult of these factors to determine is the 
wheel selection. Before it is possible to determine the 
class of abrasive, the bond, and the grade and grain of 
the wheel, it is necessary to consider the physical 
properties of hardness, toughness, and ductility of the 
metal to be ground. Those metals having a compara- 
tively high tensile strength can be ground to the best 
advantage with crystalline aluminium abrasives, and 
metals of low tensde strength, with silicon carbide 
abrasives. Hard and brittle metals require a fine-grain 
wheel, and ductile metals allow the use of coarse-grain 
wheels. 

The quality of finish desired and the amount of metal 
to be removed will have a great influence on the grain 
size of the wheel. When the work requires to have a 
large amount of metal removed, coarse-grain wheels, or 
coarse-grain combinations can be used in order to 
facilitate the rapid removal of the metal. The quality 
and accuracy and hardness of the metal will, however, 
limit the grit size. 

When the quality of finish is of no great importance, 
coarse-grain wheels can be used, but for precision work 
only a small range of grit sizes will be found suitable. 

It is often possible to use a coarse-grain wheel on a 
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heavy rigid machine and obtain good results, whereas 
the same wheel on a light machine would be quite 
unsatisfactory. 

The size and shape of the wheel will be determined by 
the size of the machine being used and the nature of 
the work. In all cases large diameter wheels are more 
economical than small ones, but the diameter and width 
are limited by the size and power of the machine. Eor 
plain grinding on external work where the wheel 
traverses to give the feed or travel, a disc wheel is most 
frequently used. 

SPEED OF WORK 

The surface speed of the work will depend upon the 
relative size of the grinding wheel and the work, the 
class of material being ground, and the quality of finish 
desired. A speed varying between 26 ft. and 60 ft. per 
min. will be found to cover most of the requirements for 
precision grinding, but cast iron is often ground at 
speed up to 120 ft. per min. With grinding, more than 
with any other class of work, experience will help the 
operator to determine the most suitable surface speed ; 
and it is a simple matter to alter the speed while grinding 
is taking place. If the work speed is too low, local 
overheating may take place, and should the speed be 
too high, vibration may be set up and chatter marks 
appear on the surface of the work. 

Should the face of the wheel glaze quickly an increase 
of work speed may be tried, but if the wheel wear away 
rapidly a decrease in work speed might improve matters. 

If an alteration in work speed will not give the 
results desired, a more suitably graded wheel should be 
used. 

TRAVEL OF WHEEL OR WORK 

The majority of grinding machines are designed so 
that the wheel travels in order to obtain the feed 
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longitudinal with, the work. In some machines, how- 
ever, the wheel moves in order to obtain the necessary 
movement for cutting. In both oases the rate of move- 
ment is governed by the width of the wheel. For taking 
roughing cuts the movement of the wheel is approsam- 
ately two-thirds the width of the wheel per revolution 
of the work, and unless the travel exceeds hah the width 
of the wheel per revolution of the work, the wheel will 
have a tendency to wear convpx on its face. For 
finishing, the travel of the wheel will have to be reduced. 
In some cases an improved finish can be obtained by 
increasing the work speed, allowing the travel to 
remain constant, and reducing the depth of cut. 

SUPPORTING WORK 

Nearly all work, except short, stiff jobs, requires 
support in addition to that given by the machine 
centres, because, unless it is sufficiently supported, 
chatter marks are liable to appear on the stuff ace. 
Chatter marks will be found to consist of a number of 
small flats, and are mainly due to vibrations set up 
either in the work or the machine. When the marks 
appear in a straight line they are probably due to work 
vibration, and when they assume a helical form they 
are more likely to have been caused by vibration in 
the wheel spindle or machine itself. 

To overcome the trouble of vibrations on the work 
surface, it is usual to fit steady rests, and, if possible, 
one should be used for each length of six diameters. 
Steady rests can always be used to advantage, and the 
more rests used on a piece of work the deeper the cut, 
and the greater the travel of the wheel. When ample 
steady rests are used on a piece of work and vibration 
marks still appear, then a change in work speed can 
be tried ; if that is not successful, attention should be 
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given to the running parts of the machine, by adjust- 
ing belts, and testing for rigidity. 

STEADY BESTS 


A universal steady rest suitable for all classes of work, 
more particularly for long slender shafts, is shown in 



Fio. 4. Univebsai, SiTBADy Rhsi 


Fig. 4. The solid shoe shown in position is made of 
bronze, and each piece of work requires a shoe to suit 
its dmmeter. The various adjustments can be plainly 
Seen in the illustration. The rest is particularly adapted 
for work requiring a fine degree of accuracy, and for use 
when grinding splined shafts. 
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Plain back rests are simple in construction, and can 
be used to advantage whenever they are likely to 
increase the steadiness of the work. The rest shown in 
Pig. 4:A is one manufactured by Messrs. Brown & Sharpe ; 
wooden shoes are usually fitted because they can be 
more readily adjusted to the diameter of the work than 



metal ones. Soft metal shoes, made to fit various 
diameters, should be used when a large number of 
pieces of the same diameter have to be ground. The 
shape of these metal shoes can be varied to suit the 
work, and will be dependent upon the judgment of the 
operator. 

SPEED OF ABRASIVE WHEELS 

The peripheral speed of abrasive wheels for external 
cylindrical grinding varies from 5600 ft. per min. to 
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6000 ft. per min. The manufacturers of abrasive 
wheels invariably indicate the most suitable speeds 
for each wheel, and this speed should be adhered to as 
closely as possible. The maximum recommended speed 
should never be exceeded, and should be only slightly 
reduced when absolutely necessary. 

It win be noted that as a wheel wears away the 
peripheral speed is reduced. On some machines it is 
possible to increase the speed in revolutions per minute, 
and this should be done as necessary in order to obtain 
the correct peripheral speed. 

It is of great importance that the speed of the grind- 
ing wheel should remain constant during the cutting 
operation ; an excessive depth of cut, or travel of the 
wheel, tends to reduce its speed, and will result in very 
unsatisfactory work. 

The drive of the machine should be sufficiently 
powerful to prevent slowing of 'the wheel under all 
reasonable conditions. The speed of a correctly graded 
wheel running at constant speed has no direct influence 
on the output of a machine, but in all cases it is econ- 
omical to maintain the speed in order that soft and free 
cutting wheels can be used to take comparatively 
heavy cuts without excessive wear. 

MACHINE CENTRES 

It is only possible to grind work accurately when the 
machine is fitted with correctly designed centres 
giving sufiioient area to support the work. The centres 
must always run perfectly true, and should be re-ground 
in the machine at intervals or when a specially accurate 
piece of work is required. It is a complete waste of time 
to attempt to grind any job on badly formed machine 
or work centres. 

The centres in the work are quite as important as the 
machine centre, and in all oases should be proportional 



GRINDING AND GRINDING MACHINES 923 


to the size and weight of the work, truly conical, and of 
the same angle as the machine centres. 

Several different types of centres are in general use, 
mainly in connection with the diameter of the work 
being ground. Those made from high-speed steel are 
more satisfactory and durable than when made from 
plain carbon steel. 


DEPTH OF CUT 

The output of a grinding machine depends far more 
on the travel of the work or wheel than on the depth 
of cut. A machine with a fast table or wheel-head 
travel with a comparatively light cut will give a greater 
output than a slow-running machine taking a heavier 
cut, and will have the advantage of not stressing the 
work to the same extent. 

When a considerable amount of metal has to be 
removed from the work, outs of from O’OOl in. to 0*003 in. 
can be taken, while for finishing the depth of cut would 
vary from 0*00025 to 0*0006. 

WATER SUPPLY 

The operation of grinding metals always results in 
the generation of heat, and unless this heat is conducted 
away as quickly as possible, the work is liable to become 
distorted. The use of a plentiful supply of water on all 
metals prevents the work from becoming overheated, 
carries away the dust and metal particles, and improves 
the quality of the work surface. 

An excessive amount of water may possibly make a 
mess, but it will not do any harm to the work or wheel. 
Plain water is satisfactory, but it tends to rust the work 
and machine parts. A suitable solution can be made by 
adding 1 lb. of soda and 1 pt. of soluble oil to 10 gal. of 
water. The amoimt of solution to be used will depend 
upon the diameter and width of wheel, the surface speed 
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of the work, and the physical properties of the metal 
being ground ; a 12 in. wheel of 2 in. face requires about 
6 gal. per min. 

Aluminium is frequently ground with a mixture 
consisting of ten parts of paraffin to one of lard oil. 
When grinding copper (a very difficult matter when a 
fine finish is required) it is very desirable to fix a fine 
gauze strainer to the water outlet in order to remove the 
metal particles and prevent them being pumped on to 
the wheel. 

WHEELS FOR CT^ilNDBlCAL OBimiNG 


The following wheels will be found suitable for grind- 
ing the metals mentioned — 


Metal 

Light Plain Grinders 

Heavy Plain Grinders 

Mild steel 

Case-hardened steel 
High-speed steel 

Cast iron and soft 
brass 

Gnnmetal and hard 
Bronze 

Copper 

Alrnnininm . 

Alnndum M 60 
Alundnxn K 60 
Alrnidum K 38 to 60 

Crystolon K 46 

Alundum L 60 
Crystolon K 100 
Crystolon J 46 

Alundum L comb 24 
Alundum K comb 24 
Alundum K 38 to 46 

Crystolon K 36 

Alundum comb 24 
Crystolon J 100 
Crystolon J 36 


PLAIN CYLINDRICAL GRINDING MACHINES 

This type of grinding machine is mainly intended for 
external cylindrical work and form grinding, more 
particularly from a manufacturing point of view. In 
comparing the plain grinder with the universal type, it 
can be said that for a given size the former is heavier 
and much simpler in construction than the latter. 
Plain machines are usually mounted with larger dia- 
meter and wider wheels, and the feeds are coarser than 
in the case of universal machines. The headstock, 
wheehstand, and tailstook of the plain machine cannot 








Pig. 6. Plain Grinding Machine Operating on a Large Piston 



Fig. 6. Plais Ghetdek GRrsDEro a Smau. Pistoit 
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be swivelled, but the table in many cases can be moved 
sufficient to enable slight tapers to be ground. 

There is probably no class of machine tool in general 
use whose value is more dependent upon rigidity of 
construction than the grinding machine. Surface ffiaish 
and accuracy are the principal qualities of its product, 
and the presence of vibration is sufficient to destroy 
either of these. There are few machines employed on 
such a fine class of work that have more unfavourable 
conditions to contend with. The rapidly revolving 
wheel and the abrupt reversal of the table or wheel at 
both ends of their traverse, conduce to vibration, which 
is further increased by the cutting action of the wheel. 

A good idea of the great development that has taken 
place in the construction of grinding machines will be 
obtained when it is realized that machines are at present 
being manufactured of such a size as to be capable of 
dealing with work up to 60 in. in diameter and 26 ft. 
in length. 

A plain grinding machine with a capacity of 30 in. by 
120 in. is shown in operation grinding a large piston, in 
Eig. 6. This machine, which is manufactured by 
The Churchill Machine Tool Co., Manchester, carries 
a 26 in. by 3 in. abrasive wheel. It is provided with 
two wheel speeds, sixteen work speeds, and ten table 
speeds. The main drive is by means of a 30 h.p. motor 
and the work drive by a 10 h.p. motor. 

A smaller type of plain grinder by the same makers is 
shown in Fig. 6. This machine is specially intended 
for handling all classes of comparatively short work. 
In the illustration the machine is engaged in grinding 
small internal combustion engine pistons. 

WIDE WHEEL AND FORM GBINDINa 

Machines capable of grinding without lateral feed 
have many advantages over those using narrow 
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grinding wheels, the chief of which is the shortening of 
the time required for a given job. Machines for this 
purpose are constructed by The Churchill Machine 


Fig. 8. Duplex Wheel Operation 

Tool Co., and the examples shown in Fig. 7 have 
been carried out on their machine and give an 
idea of the time taken to carry out work of this char- 
acter. Specially heavy spindles capable of carrying 
wide wheels are fitted, and the wheels may be either 
plain or of the desired profile. It is also possible to 

6o— (5315) 
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fit the spindle with double wheels of two diameters, so 
that two different diameters of work may be ground 
simultaneously by the straight-in feed method. Another 
important feature of these machines, which is of great 
value when grinding by this method is an oscillating 
motion which can be given to the table when desired. 



UNIFORM CURVE DOUBLE TAPER. 



Fig. 9. Fobm GBiNBiNa WhebijS 


The effect of this motion is to maintain the running 
accuracy of the wheel face and to give a higher finish to 
the work than is obtainable from a wheel fed directly 
on to the work without oscillating mechanism. 

Stationary automatic feed can also be provided for 
use in conjunction with the oscillating motion. 

A duplex wheel operation is shown in Pig. 8. The 
work, consisting of a light oar stub axle, has its two 
diameters ground simultaneously with a straight-in feed. 

WIDTH OP WHEELS 

The width of a grinding wheel is at present limited by 
manufactory difficulties, and the cost of wide wheels 
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is considerable. Abrasive wheels np to 10 in. in width 
are frequently used, but broad wheels require a very 
heavy slide on account of the bearing pressures being 
much greater than when narrow wheels are used. The 
power required to drive the wheel is also greater, and 
would be equivalent to that necessary for a number of 
narrow wheels whose total width is equal to the width 
of the broad wheel. 

Wheels intended for form grinding, such as shown in 
Fig. 9, will have different diameters at various points 
on the periphery, and as the cutting speed must con- 
sequently vary, it follows that a limit can be reached 
in the depth of the form. In aU cases of form grinding 
sharp comers and undercuts must be avoided, and 
fillets used whenever possible. The work to be form 
ground should either be stiff and rigid or sufficiently 
supported to reduce vibration to a minimum. 

SURFACE GRINDING AND SURFACE GRINDING 

MACHINES 

The surface grinding machine is intended for the 
purpose of producing flat surfaces, within precision 
limits, on pieces of work, and may be carried out either 
direct from the rough forging or casting, or from a 
previously machined surface. 

A considerable number of components which at one 
time were machined on planers, shapers, and millers, 
are now successfully dealt with on one of the various 
types of surface grinding machines. 

Surface grinding machines are no longer considered 
as machine tools to be used exclusively on work 
requiring an accurate high-class finish, but are at the 
present time largely used in production work of a 
heavy character without previous machining. The 
time taken to- finish a piece of work will compare 
favourably with any other method of production, while 
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on. suitable work it is freq^uently the most economical 
process. 

With the modem machine it is possible to grind to 
within the limits of 0-0006 in. without the slightest 
difficulty. 

TYPES OF SURFACE GRINDERS 

Grinding machines for surface work are constructed 
according to many different designs, each particular 
type being manufactured in several different sizes with 
the object of dealing with particular classes of work in 
the most convenient and efficient manner. 

The following are the principal types of surface 
grinders in general use : 1. Horizontal machines. 

2. Open side grinders. 3 Face grinders. 4. Vertical 
spindle machines. 5. Horizontal spindle machines. 6. 
Plano-grmders . 

1. The horizontal type of surface grinder is provided 
with a reciprocating table on to which the work is 
secured. The abrasive wheel is mounted on a horizontal 
spindle, the wheel used is a plain disc, and the periphery 
is used for grinding. 

The work table is automatically traversed at right 
angles to the direction of table travel in order to obtain 
the feed, and the wheel-head, together with the wheel 
spindle and wheel, is moved vertically to give the depth 
of out. 

Machines of this type are used to a very great extent 
in the tool-room and for all classes of components 
requiring accurate plain surfaces. 

2. Open side grinding machines are constructed in 
sizes capable of grinding work of considerable length 
and width, but having one side of the machine open 
as in the case of the open side planing machine, it will 
accommodate work of awkward or unequal shape. 

3. Face grinding machines provided with horizontal 
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spindles are intended for heavy work, and carry ring 
or segmented wheels. The abrasive wheel is generally 
large enough to cover the work face to be ground, and 
thus a out is complete at one traverse of the table. 

Machines of this type have a table travel of from 15 ft. 
to 30 ft. per min., and surfaces are jBnished very rapidly 
with a reasonable degree of accuracy. 

4. Vertical spindle machines are being used to a large 
extent ; they are arranged to carry cup, ring, or seg- 
mented wheels large enough to cover the surface of the 
work, and may have reciprocating or rotating tables. 
Grinders of this type, when provided with an ample 
supply of cooling medium, are extremely efficient in all 
suitable classes of production work. 

6. The horizontal spindle type of machines are 
particularly useful for grinding such work as piston 
rings, collars, washers, and valves. They are provided 
with rotary tables, often magnetic, and a plain disc 
wheel is used. The wheel is fed across the surface of 
the work by means of an acceleration mechanism, and 
by this means a concentric radial finish is obtained on 
the surface of the work. 

6. The piano-grinder, as the name implies, is con- 
structed somewhat similar in design to the planing 
machine. The wheel spindle may be vertical, in which 
case a ring or cup wheel is used for grinding, or it may 
be horizontal, and mounted with one or more plain disc 
wheels. The former method is most desirable for work 
of large area requiring a cut all on one plane, and the 
latter when the work has projections or requires 
grinding on narrow surfaces on more than one level. 

WHEELS FOR SURFACE GRINDING 

It is often more difficult to select a suitable wheel for 
surface grinding than it is for plain cylindrical work. 
Cup and ring wheels must be of soft grade, not only on 
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account of the large area of work covered, but also on 
account of the rapid loading up of the wheel if the metal 
particles are not washed away from between the face 
of the wheel and the surface of the work. 

It is always very desirable that a list of all the wheels 
foTmd suitable for grinding various metals should be 
kept for reference. The following list will indicate the 
class of wheel, with the grade and grain, for use on the 
various metals mentioned. 

WHEELS FOR SURFACE GRINDING 


Hetal 

Plain Disc Wheels 

Cup and Bing 
Wheels 

Carbon steel, soft . 
Carbon steel, hard'ed 
gwt iron 

Almnlniujn, cast’ . 
Malleable cast iron . 

Aluminium oxide • I to J 24 to 30 

Aluminium oxide . G to 1 20 to 30 

Silicon carbide . G to J 24 to 30 

Silicon carbide . G to J 20 to 30 

Silicon carbide | E to I E 24 to 30 
Silicon carbide . G to H 16 to 30 

L to M 24 to 30 
J to £ so to 40 
L to M 30 to 40 
K to L 30 to 40 
2 E to 3 E 80 to 30 
G to H 10 to 24 


WHEEL SPEEDS 

The peripheral speeds of grinding wheels for surface 
grinding are generally lower than for cylindrical work, 
and yary according to circumstances from 3000 to 
6000 ft. per min. Cup and ring wheels are usually run 
at a speed of about 4000 ft. per min., and plain disc 
wheels at 5000 ft. per min. It should be noted that cup 
and ring wheels have a constant cutting speed irrespec- 
tive of any wear down of the wheel, whereas in the case 
of the disc wheel the peripheral speed is reduced as the 
wheel wears. 

SPEED AND FEED OF WORK 

The table speed of many of the smaller surface 
grinders is constant, only one speed being provided. 
"Hiis arrangement simph'fies the construction and gives 
/spry, satisfactory results. Some of the larger machines 
for more tl^an one speed, and usually 
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speeds of from 25 ft. to 50 ft. per min , -will cover aH 
requirements. 

The output of any machine will not only depend upon 
the work speed but also on the traverse of the wheel or 
work. When the periphery of a disc wheel is used for 
cutting, the feed given is from three-quarters to nearly 
the full width of the wheel for roughing, provided in all 
cases that the machine has sufficient power to maintain 
the peripheral speed of the wheel while it is cutting. 
For finishing the feed must be reduced, and the 
amount will depend mainly upon the quality of finish 
desired and the degree of accuracy necessary. 

DEPTH OF CUT 

The depth of cut has very little influence on the 
output of a modern grinding machine ; it is much better 
to have several light outs than a few heavy ones. The 
actual cutting depth varies from 0*00026 in. for finishing 
high-class precision work to a maximum of 0*006 of an 
inch for the heaviest grinding on powerful machines 
fitted with segmented wheels. 

WATER SUPPLY 

Many of the small horizontal grinding machines used 
in the tool-room are constantly working without the 
use of a cooling medium. In this case a soft grade disc 
wheel is generally used, and the amount of metal 
removed is small, and the absence of water is of little 
consequence. 

One of the difficulties connected with surface grinding, 
particularly with cup and ring wheels, is the rapid 
generation of heat owing to the large area of contact. 

Whenever possible, a plentiful supply of water should 
be used for cooling purposes. On heavy vertical 
spindle machines as much as 40 gal. per min, is used on 
the inside and outside of ring wheels, but this is partly 
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done with the object of washing away the metal particles 
from between the face of the wheel and the work. 

When grinding, work of thin section warping will 
often occnr, and is due to the rapid generation of heat 
in one part of the work and the inability to allow for 
free and equal expansion. This unequal expansion 
causes the work to become convex, and on cooling to 
become concave. 

When work is found to heat up quickly on a machine 
having a constant wheel and work speed, the dijB&culty 
can often be overcome by reducing the depth of out and 
increasing the feed, and by that means distributing the 
heat over a greater area. Should the result still be 
unsatisfactory, then a wheel of softer grade and different 
grain shotdd be tried. 

It is usual to add sufficient sal-soda to the water to 
prevent the surface of the work or machine from 
rusting, and the further addition of a small quantity of 
soluble culting oil will tend to stop the deposit of soda. 

METHOD OF HOLDING WORK 

The most suitable method of holding iron and steel 
work is by means of the magnetic chuck, of which a 
great variety are on the market. This class of chuck is 
quickly and easily operated, and enables the work to be 
ground more accurately than would be the case if it 
was held by any other method. 

Non-magnetio metals, such as brass and aluminium, 
can be held in a machine vice or ordinary type of chuck, 
or by means of dogs directly on to the machine table. 
In the case of production work a special fixture can be 
designed for holding the work. 

SURFACE GRINDING MACHINES 

A small horizontal surface grinding machine is 
illustrated, in Fig. 10. This machine is manufactured 
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by The Chnirohill Machine Tool Co., Manchester, and 
is intended for rapid and accurate grinding of flat 
surfaces up to 24 in. in length by 6^ in. wide. The 



Fig. 10. Horizontal Surface Grinder 


wheel spindle is hardened and ground, the rear end 
running in ball-bearings. 

The spmdle head carrying the wheel spindle and 
wheel is raised or lowered into position by means of a 
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hand-wlieel which is graduated for thousandths of an 
inch, and is provided with a dead stop. 

The table travels on Vee and flat ways, and its 
reversal is controlled by dogs mounted on a slotted disc 
in the front of the bed. The cross movement of the 
table is self-acting in either direction, the feed acting 



Fig. 11. SuBFAOE Gbindbb Abbangbd fob Wet Gbindinq 


at each reversal of the table. It can be set to feed 
automatical at any amount from 0-016 in. to 0-19 in., 
and may be automatically tripped at any desired point. 
A fine adjustment to the cross feed can be used when 
desired for such work as grinding precision gap gauges. 

When wet grinding is necessary an equipment con- 
sisting of a pump, tank, and piping is fitted, and in 
order to protect the operator and keep the water on the 
work a guard as shown in Fig 11 is fitted to the top of 
the table. 


VERTICAL SPHIBLE IVEACHINES 

Increasing use of surface grinding machines is 
very large extent to tbo of those 
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types of machines using ring or segmented grinding 
wheels, which render it possible to rough grind a piece of 
work without preliminary machining, and also to attain 
the greatest possible degree of accuracy and smoothness 
on the surface of the work. Machines of this type cover 
with their abrasive wheels the entire width of the 
surface to be ground, and obviate the necessity of any 
movement of the work other than the longitudinal 
reciprocating movement of the table. 

The grinder illustrated in Eig. 12 is manufactured by 
Messrs. Schuchardt & Schiitte, for whom the agents are 
The Dowding Machine Tool Co., Bush House, .^dwych. 
These machines are manufactured in three sizes, the 
largest having a table working surface of 1600 mm. by 
3800 mm. The abrasive wheel carried by this machine 
is 300 mm. in diameter by 36 mm. in width. The 
spindle head has twenty-four variations in vertical feed 
varying from 0*0026 mm. to 0*06 mm., and the table 
is provided with four speeds of 1*16, 1*46, 1*8, and 
2*3 m. per min. 

A section through the main spindle is shown in Fig. 
13. It wiU be seen that the main bearing is tapered and 
located close to the grinding wheel. To remove any 
backlash the solid bearing can be adjusted from outside 
by means of a threaded ring. Lubrication of the 
bearing is effected through continuous automatic cir- 
culation of oil through the oil chambers by means of 
spiral oil grooves cut in the spindle. The pressure due 
to grinding is taken up by a ball thrust bearing close 
to the grinding wheel. Another baU thrust is provided 
in the top bearing box where a radial ball-bearing is 
located to take up the side pull of the belt. Pressure 
springs are fitted into the protecting bushing of the 
upper spindle end to balance the weight of the spindle 
and to prevent the taper from binding. 

The wheel-head slide carrying the grinding spindle 
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moves on long prismatic ways with prismatic gibs, and 
is balanced by counter-weight. After loosening a 



Fig. 12. Agtomatio Vebtioal Spendib Gbinding MAOHnra 


binding screw, the slide can be raised or lowered 
rapidly through rack and pinion by means of a hand- 
wheel located at the side of the machine. This facili- 
tates ^je approximate adjustment of the wheel-head 



Fio, 13. Sbctioit THaouoH Si>risrDr.B and BsA^unsrcts 
Of Vertical Spindle Grinding Machine 
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slide before tbe automatic feed is engaged. Provision 
is made for a vertically adjustable clamping collar and 
index. 

Tbe machines have single pulley drive with a friction 
clutch worked by foot. The wheel spindle is driven 
from the main shaft by a belt running over idler pulleys. 
The bracket carrying these pulleys is adjustable for 
tightening the belt. Ball-bearings are used for the 
friction clutch, main shaft, and guide pulleys. The 
drive to the main shaft of the machine can be taken 
from the shop shafting or direct from an electric motor. 

The machine is equipped either with a segmental 
chuck taking eight abrasive segments or with a ring 
wheel. The use of a segmental chuck is to be recom- 
mended when grinding with a table loaded to its full 
capacity or where large unbroken surfaces have to be 
ground. In the case of narrow surfaces with large 
gaps or spacings abrasive ring wheels are to be preferred. 

“LIJMSDEN” ROTARY TABLE-SXTRFACE 
GRINDER 

A modem rotary table-surface grinder manufactiired 
by The Lumsden Machine Co., Gateshead, is illus- 
trated in Pig. 14. It is largely used for grinding textile 
machinery parts in quantity, and for this purpose 
a magnetic chuck is employed. When dealing with 
textile frame castings the chuck is removed and the 
work or fixtures are bolted direct on to the tee-slotted 
table, which has a diameter of 6 ft. The maximum 
depth admitted between the table and the 3 ft. diameter 
abrasive wheel is 18 in. 

• The segmental grinding wheel is mounted on a flanged 
spindle which runs in roller bearings in a cylindrical 
ram. This ram is carried by a cross-arm mounted at 
one side of astilE cylindrical column, while the other end 
is steadied by a planer type standard. This cross-arm 




Fig. 14 . Rotary Table -stjbi’ ace Grinder 


the bed-plate casting, which also mounts the work 
table. 

A power-elevating motion is provided to advance or 
withdraw the wheel arm quickly. This is operated 
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through, gearing, vertical screw, and nut by means of a 
handle on the inclined rod on the left. Both hand and 
automatic feeds are provided on the cylindrical ram. 
Hand adjustment is through the hand-wheel on the 
right-hand side through horizontal shaft and gearing. 
The automatic feeds are taken from a horizontal shaft 
running through the gear-box on the left to lever and 
feed mechanism on the right-hand side, then through a 
vertical shaft to gears at the end of the horizontal 
shaft referred to for the hand traverse. 

A 60h.p. motor is used for driving, and runs at 
500 rev. per min. It is mounted centrally on the top 
cross-brace piece for the two columns. The grinding 
wheel spindle is driven through a splined shaft. The 
rotary motion of the table is obtained from a pulley on 
the motor shaft, by belt over the jockey pulleys to the 
pulley on the gear-box, carried on an extension to the 
bed-plate at the left, and thence to the table gearing. 
Two changes of speed are provided by the gear-box, 
which is actuated by a friction clutch, giving the table 
4 and 6 J rev. per min. The grinding wheel is provided 
with water by a large capacity centrifugal pump at 
the rear along with the settling tanks. The approximate 
weight of the machine is 16 tons. 

INTERNAL GRINDINa 

Internal grinding operations can be carried out on the 
Universal grinder, the tool and cutter grinder, or by 
means of the special horizontal or vertical internal 
grinders. Grinding is the most satisfactory method of 
fin ish in g the bore of ring gauges, milling cutters, gears, 
and small cylinders, more particularly when parts have 
been heat-treated. When components are made from 
manganese steel, nickel chromium steel, or mapy of the 
new^^dloy steels, it is easier to obtain a high-class finish 
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together with great accuracy by means of the grinding 
machine than by any other method. 

Heat-treated parts are very hable to distortion, and 
this can only be remedied by grinding. All work 
requiring a perfectly concentric bore with straight 
parallel sides, in order to secure perfect alignment when 
assembled, should be finished by internal grinding. 

A large proportion of the holes drilled or bored in the 
modem shop are finished with some form of reamer, and 
while this is a quick and satisfactory method for certain 
classes of metals and on some types of work, it often 
presents difficulties on others. It is found that hard 
tough steel, close-grained cast iron, and most of the 
alloy steels soon dull the cutting edges of reamers, and 
a number of the softer metals and alloys are liable to 
drag badly when reamered. In all these examples 
grinding offers a satisfactory solution, and gives 
excellent results combined with great accuracy. 

Many advantages are obtained by grinding the 
cylinders of small and medium size steam and internal 
combustion engines. It is found that hard and soft 
spots have little effect, if any, on the cutting properties 
of a correctly graded abrasive wheel. The steam or side 
ports do not affect the accuracy of the work, the 
amount of distortion due to holding and grinding the 
work is reduced to a minimum, and a high-quality 
finish can be obtained without the necessity of lapping. 

TYPES OF INTERNAL GRINDING MACHINES 

It is probable that during the last few years greater 
advances have been made in the design of internal 
grin din g machines than in any other special type of 
machine tool, and machines are now constructed 
capable of dealing with work of very large size and very 
wide character. 

Internal grinding machines can be broadly divided 

6t — (5515) 
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into two classes, one in which, the work is held station- 
ary, the grinding being done by a revolving abrasive 
which is given a planetary movement and at the same 
time is traversed backwards and forwards, and the 
other in which the work revolves and travels to and 
from a rotating abrasive wheel. 

The former type of grinding machine may be con- 
structed with either horizontal or vertical spindles, and 



Fig. 16 . PLAirasTAnir Movement oe Gbineino Wheel 

are mainly intended for dealing with large and heavy 
work, such as steam and internal combustion engine 
cylinders, hnem, and bushes, or work difficult or 
impossible to rotate. The latter type wiU be used for 
grinding smaller work, such as gears, ring gauges, 
collars, ball-bearing races, and jigs. 

Machines constructed with planetary-moving wheel 
spindles are usually termed cylinder grinders, and the 





Fig. 17. CSymndeb Gbikdeb Opebating on Locomotive Cylindeb 
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axis of the wheel spiiidle will move in a path, as shown 
in Eig. 16. The depth of out is obtained by feeding the 
wheel towards the work by means of an automatic 
mechanism. 

A modern cylinder grinder, constructed by The 
Churchill Machine Tool Co., Manchester, is illustrated 
in Fig. 17. This machine, in addition to grinding cylin- 
ders, can be used for work which owing to its shape 



Fia. 18 . Grinding Spindles Internally 


cannot be rotated in the ordinary type of grmding 
machine. This class of grinder is manufactured in 
five sizes, the largest having a capacity of 32 in. in 
diameter by 84 in. in length. The planetary adjustment 
in the smaller sizes is obtained through double eccentric 
spindles controlled through a differential motion, and 
in the larger sizes the adjustment is obtained direct on 
a slide mounted at right angles to the main spindle, and 
operated through a screw and differential motion. 

The upper portion of a Churchill internal grinding 
machine suitable for small work is shown in Fig. 18. 
This illustrates the manner in which the grinding wheel 
spindle is driven, and also shows the method usually 
adopted for holding the free end of a piece of work 
requiring to be ground internally. 
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recesses or keyways require wider wheels, but when 
wide wheels of small diameter are used they hare a 
tendency to cause overheating. Experience alone will 
determine the most suitable width. 

WHEEL OR WORK TRAVEL 

The amount of feed or travel of the work or wheel per 
revolution will be governed by the width of the wheel. 
On heavy, rigid, well-designed machines the travel can 
be nearly the full width of the wheel for roughing, but 
this will have to be reduced for finishing, if a good 
quality surface finish is required. 

WATER SUPPLY 

Many classes of tool-room and small general work are 
ground quite dry, but when great accuracy is necessary 
and a good-quahty finish is required, it is usual to have 
a steady supply of soda water running in the work. 

Cast iron, brass, and some of the bronze alloys are 
often ground dry, but for soft and hardened steels 
water is always used when possible. 

ALLOWANCE FOR GRINDING 

Although it is only possible to take a cut up to about 
0*003 of an inch in depth, the coarse feeds obtainable 
on the modem grinder make it capable of removing a 
considerable amount of stock. The modem practice is 
to increase the grinding allowance, and give more work 
to the machine. When it is possible to set the work up 
quickly and accurately the grinding allowance can, of 
course, be reduced to a minimum. 

The grinding allowance on a given job will depend 
mainly upon its diameter and the length of hole, the 
amount it is likely to mn out of truth, and the class of 
material from which it is made. 

The following allowances for various diameters will 
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be found to suit general requirements, and can be 
modified to suit the prevailmg conditions — 

GRINDING ALLOWANCES 


Dia, of Hole 

Allowance 

Dia. of Hole 

Allowance 

In. 

In. 

In. 

In. 

i 

0*005 

4 

0*011 

1 

0‘006 

5 

0*013 

2 

0*009 

« 6 

0*014 

3 

0*010 

9 

0*018 


These allowances are intended for holes of 1 in. in 
length, and an addition of 0-001 should be made for 
each additional inch in length. Thus, the allowance for 
a 6"in. hole 6 in. in length would be 0-014 + (0-001 x 5) 
= 0-019 of an inch. 

WHEELS FOR INTERNAL GRINDING 

The following factors have to be considered when 
selecting an abrasive wheel for internal grinding : the 
class of material to be ground ; the speed of the wheel 
spindle ; rigidity of the wheel spindle and the machine ; 
the diameter of the hole ; quality of finish required ; 
and whether the hole has recesses or key ways. 

The class of material determines whether the 
abrasive material should be silicon carbide or aluminium 
oxide. When the machine spindle is rigid and the 
machine is heavy, the wheel can be softer in grade and 
coarser in grain, and a heavier cut can be taken, than 
would be the case on a light and less rigid machine. 

As the size of the holes increases in diameter and 
length the wheels must be harder and of finer. grain, in 
order that the cut may be finished before the diameter of 
the wheel has been reduced owing to wear. 
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Eor roughing, a soft wheel of coarse grain can be used ; 
but when finishing it may be desirable to change the 
wheel and use one of slightly harder grade and finer 
grain. 

When holes have recesses or keyways the wheel 
should be harder and of finer grain, because the sharp 
edges of the recesses have a tendency to tear out the 
grit particles. 

The wheels given in the following list will often be 
found suitable for grinding the metals mentioned, and 
can be modified to suit the various conditions. 

ABRASIV1E3 WHEELS FOR INTERNAL GRINDING 


Metals to be Ground 

Class of Abrasive Grade and Grain 

Aluminium, cast . 

Brass, oast . 

Bronze, cast. 

Iron, cast 

Steel alloy . 

Steel carbon, soft . 

Steel carbon, hardened . 
Cast iron cylinders 

Silicon carbide vitrified P 50 

Silicon carbide vitrified K 46 

Aluminium oxide E 1^ to B 

Silicon carbide vitrified P 46 tr© P 60 
Aluminium oxide vitrified K 46 
Aluminium oxide vitrified L 36 to L 46 
! Aluminium oxide vitrified K 46 to K 60 
, Silicon carbide vitrified I to K 30 to 46 
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SECTION XVIII 

SLOTTING MACHINES 
AND SLOTTING 

The modem slotter is a most economical tool when used 
for certain classes of work, and it is difficult to imagine 
how its place can be taken by any other class of machine 
tool. As the name implies, it is intended mainly for the 
purpose of cutting various kinds of slots, but it can 
also be used for such work as machining concave, cir- 
cular, semi-circular, and convex surfaces, and for- 
shaping internal and external forms or profiles. 

The slotter is constructed on the same general 
principles as the Whitworth or the crank-driven shaping 
machine, the ram moving vertically instead of hori- 
zontally, and the tool cutting on the down stroke, 
usually at right angles to the work table. 

METHOD OF DRIVING 

The simplest method of reciprocating the ram is by 
means of a belt-driven shaft transmitting power to a 
disc crank through the medium of gearing, the length 
of stroke being varied by moving the crank pin to or 
from the centre of a “ T ” slot in the crank disc. 

On some types of slotting machines .the various 
cutting speeds are obtained by fitting a step cone pulley 
to the driving shaft. The modem method, however, is- 
to mount a change gear-box in the trunk of the machine, 
and run the trains of gears by means of a constant speed 
shaft, either driven by a belt from a main or counter- 
shaft, or from a motor direct. 

967 
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On heavy Blotters requiring considerable power it 
is usual to have one motor for driving the ram, and a 
smaller motor for actuating the different table feeds. 

A very satisfactory method of reciprocating the ram 
is by means of the Whitworth quick-return movement. 
This mechanism, when used in conjunction with a large 
diameter helical tooth driving wheel and a worm pinion, 
results in smooth and quiet running. 

SIZES OF MACHINES 

The size of a slotting machine is referred to in terms 
of*length of stroke. Thus, a 10 in. machine would have 
a maximum stroke of 10 in., and the size of work 
machined would be less by an amount equal to the top 
and bottom clearance of the tool. Some manufacturers 
refer to their machines as 6/8 in. or 10/12 in. stroke 
machines, and in that case the lesser dimension is the 
depth of material which can be machined, and the 
larger dimension the maximum length of stroke. 

TYPES OF MACHINES 

Puncher Slotter. A puncher slotter manufactured 
by The Butler Machine Tool Co., Halifax, is illus- 
trated in Fig. 1. This maohiiie is capable of removing 
from 4 to 6 lb. of metal per min., and is intended for 
heavy work which has been forged, stamped, or sawn 
roughly to shape. With many heavy forgings the 
greatest amount of time is taken in drawing down or 
upsetting the metal so that the finished forging will 
require very little machining. The rough contour of a 
job can, as a rule, be easily and quickly obtained, and 
the puncher slotter can be used, not only to remove the 
surplus metal, but also to finish to shape, and the saving 
in tune will more than compensate for the waste of 
metal. Locomotive crank webs can be slotted from 
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rectangular slabs to exact size in less time than by any 
other method. 

The machine illustrated is driven by twin wheels 
having trunnions about three-fourths of their diameter, 
which work in bushed bearings fitted to each side of 
the trunk of the machine. The two driving wheels are 



Fig. 1. Heavy Pattern Puncher Slottbr 


fitted with eccentrics which are made fast or loose with 
the wheels by means of three bolts, one of which passes 
through the machine, while the other two lock the front 
driving wheel and eccentric securely together. The 
driving is accomplished by a bronze die working in a 
slotted link, this die being carried on a hardened steel 
bush fitted in recesses between the two eccentrics and 
through this bush the long bolt passes. 

The slotted link is of bell crank lever type, oscillating 
on a pivot, the driving slot being in the long end, and 







SLOTTING MACHINES 


961 


the short end of the lever being connected by a forged 
rod to the slotting head. 

In order to adjust for length of stroke, it will be seen 
that by loosening the three nuts referred to above and 
pulling on the flywheel the eccentrics slip round until 
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the dial gives the required stroke. Then, by retightening 
the bolts, the whole arrangement is locked together. 

A number of examples of work done on the puncher 
slotter, with the times taken, is shown in Fig. 2. These 
include a|[crank web 11 J by 8 in. completed in 75 min. 

Tilting Blotters. The distinctive feature of the slot- 
ting machine shown in Fig. 3 is the tilting body. 
This machine is manufactured by The Butler 
Machine Tool Co., and has been designed specially 
for the purpose of machining external and internal 
tapers. 

The body of the machine is in two parts, divided 
below the driving mechanism of the machine j* The 
upper part revolves on a pivot by means of a worm and 
segment, with a locking device which ensures the two 
portions being firmly secured. The top portion of the 
machine will tilt 10 degrees backwards and forwards, 
and therefore tapers may be slotted on either side of the 
perpendicular. 

The Whitworth quick-return motion is employed in 
driving the ram, and a range of four speeds provides 
approximately the same cutting speed on every 2 in. 
variation of stroke. 

Feed Motion. The feed motion is operated by a large 
circular cam on the main driving shaft, and is fitted with 
a buffer spring device which renders its action almost 
noiseless, even when the machine is working at its 
fastest speed. A reversing and “ stop feed ” box is 
fitted on the working side of the machine so that the 
feed levers are always in tension in either direction, 
ensuring a uniform feed at the commencement of the 
cutting stroke. 

The Ram. The ram is balanced by a direct counter- 
wei^t adjusted to prevent shocks at the ends of the 
^anoke. The “ Tee ” slots which carry the tool posts or 
holders are planed from a solid foi^cinfs which is sribbed 
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and bolted to the main casting, thus avoiding the possi- 
bility of broken slots. The ram has “ Yee ” slides, and 
the faces are chilled and ground. Two loose strips are 
provided — one bolted direct on to the square flange of 
the main casting and lihe other provided with adjusting 
screws for taking up wear. 

TOOL POSTS 

A tool post used for general purposes on the puncher 
Blotter is shown in Fig. 4. This tjrpe of tool post is 
constructed of cast steel, and is designed to carry two 
different size tools or tool bars. The tools may be 
carried either in front in a fixed position, or in any 
convenient position along the “ Tee ’’-slotted side face. 

Another type of tool post is illustrated in Fig. 5. 
This has a long support on the face of the ram, and 
permits the use of tools with a long reach over the table 
of the machine, and is particularly useful for slot 
cutting and end rounding. The post is made of forged 
steel, and arranged so that the operator may quickly 
revolve the cutter a half turn, bringing into operation 
either the square face or the half-round face of the 
cutter for cutting out round-headed slots. 

TOOL HOLDERS 

A simple form of tool holder used for holding small 
inserted cutters is shown in Fig. 6. This gives a relief 
to the tool on the non-cutting stroke, and prevents 
damage to the tool and work. Cutters of different 
shape, to suit the class of work to be machined, can be 
inserted and held in position by means of two set-screws. 

SLOTTER TOOLS 

Tools for use in the slotter may be forged from the 
solid bar or may consist of cutters inserted in some form 
of tool holder. 
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When a cut is being taken on the slotter there is less 
tendency to shift the work from the work table than is 
the case with the planer and shaper. The action of 
cutting presses the work on the table and tends to push 
the tool away from the job. For this reason it is 




Fig. 6. Relief Tool Holder Fig. 7, Solid Tool for 
FOB Small Cutters Internal Work 

desirable to make the tools or tool holders of stiff 
section. In all cases the cutting edge of the tool should 
be as close as possible to the ram supporting dogs. 
Owing to the tendency of the tool to spring away from 
the work on the cutting stroke, it follows that a light 
and springy tool will tend to rub on the work on the 
non-cutting stroke unless some method of relief is 
given. This difficulty is overcome by using a spring 
relief block which allows the tool to spring away from 
the work on the up stroke, and this gives a longer b'fe 
to the tool and prevents damage to the work. 




966 


WORKSHOP PRACTICE 


The commonest form of solid tool is shown in Fig. 7. 
This type is mainly used on internal work where 
space is limited. The cutting edge is formed at the end 
of the tool, and may present a square or half-round 




Fia. 8. Small Slotting Machine Tools 



sluface to the work. For external work, where plenty 
of space is avaUahle, a heavy cutter bar is best. 

For some classes of work, such as slotting crank webs, 
it is often possible to use two tools, and for this purpose 
the cross-slide at the end of th© ram is fitted with two 
dides, each carrying a pair of tool holders. 

A set of six small slotting tools for precision work on 
a light tool-room machine is shown in Fig. 8. 

The speeds and feeds used on the slotter are practi- 
cally the same as those suitable for shaping. 
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SECTION XIX 

MILLING 

Milling is a process of removing metal by means of 
rotary cutters. The cutters are made from tool steel, 
suitably hardened and finished on a cutter grinding 
machine. The cutters are of great variety, softie being 
made to produce flat surfaces only, some to cut grooves 
such as key ways, etc. ; others are ground to produce 
definite angles, like the slide rests on the lathe ; cutters 
are also made to produce curved surfaces, such as 
gear teeth. All these types will be dealt with in due 
course. 

HORIZONTAL OB VERTICAL MACHINES 

However, the machine itself must be explained first. 
Milling machines are grouped into two classes, i.e. 
the horizontal and the vertical, which means that the 
shaft on which the cutters are placed is either par^illel to, 
or perpendicular to, the table. All machines are of the 
“ knee ” type, unless built for a special purpose, which 
does not come within the range of the general engineer’s 
shop. To-day one sees one-purpose machines in every 
case where great quantities of any particular machined 
parts are required. These machines are adaptations of 
the original milling machine and are no use for general 
work. 

By “ knee ” is meant that the table projects from the 
main body of the machine, and on this knee rests the 
work which has to be milled. The knee is fitted with a 
moving table to hold the work. Figs. 1 and 2 show 
a Brown & Sharpe horizontal milling machine. 
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ADJUSTABLE MOTIONS 

The turner, with his lathe, machines the inside and 
outside of his job, either parallel or taper, and can 
surface it. This is carried out by means of a sliding 
saddle and the cross-slide rest, but with the knee of the 
milling machine the operator can not only move the 
table in and out from the main body of the machine, 
but can traverse it sideways and up and down. The 
table can also be swivelled to almost any angle within 
reason. From the foregoing it will readily be seen that 
a most comphcated set of movements can be attained, 
even with the work simply bolted to the table. To 
add further to the difficulties of the beginner the work 
can be placed either between centres or chucked, and 
so revove whilst the table is performing a predeter- 
mined movement. The turning movement can be 
geared to the machine, so producing spirals of a definite 
“ lead ” as the movement is called. Again, the work 
can be set at any angle to the table and revolved, so 
that cams with varying radii can be produced. There 
appears to be no end to the complexity of movement 
in the modem milling machine. 

Another feature is that the screws that give the table 
and the knee movement are accurately made and 
divided so that the operator knows the exact sum of the 
movement when he turns the handle that controls any 
particular part. By gearing in the indexing head rulings 
of great accuracy can be made, so besides being a metal 
remover it is a measuring machine as well. 

The amount of metal removed is governed by the 
power of the machine, but, again, unlike the lathe 
where the tool has limited strength, the milliTig cutter 
simply pulls up if the feed is too coarse. This does not 
mean that cutters cannot be broken or that teeth caniiot 
be burned by running too fast, but within ordinary 
isange little damage can be done in that direction. 
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The TniTling machine is made to run in either direction, 
because some work requires a change of cutting di- 
rection without unshipping from the table ; also the 
operator may need the cutter to cut in one direction 
whilst the table moves in the other or vice versa. 

COOLING THE CUTTER 

The cutter is cooled by some form of cutting lubricant 
pumped from a tank under the machine. This pump 
operates in either direction, so that the reversal of the 
machine matters not at all. The table’*is provided with 
a flexible waste pipe to the tank, taking away the cut- 
ting on which has been pumped through a similar 
flexible tube, which is fixed so that the jet of oil generally 
plays on the cutter at the point where it is actually 
cutting. This not only cools the cutter at the place of 
heat generation, but washes away the hot chips. The 
oil is strained before going through the pump, 

ADVANTAGES OF THE HORIZONTAL MACHINE 

The average general engineer’s shop prefers the 
horizontal machine to the vertical, because a great 
variety of work can be done on the former that cannot 
be machined on the latter ; also the horizontal machine, 
with the aid of attachments, can be converted into a 
vertical spindle miller with ease, and these attachments 
not only permit the same class of cutter to be used, but 
the attachment itself can be used at almost any angle, 
as when cutting cams, etc. 

From the foregoing it will be seen that the operator 
of a milling machine must be above the average 
mechanic. He need not be so skilled with his hands as 
the fitter, but aU his calculations must be deadly 
accurate, as the machine permits no errors. He must 
keep his machine spotlessly clean, as chips cause loss 
of accuracy in aU working parts. In setting up his 
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work he must have everything ready when he starts 
the machine. If he is not sure of his figuring he should 
go over it again, as the first wrong cut will put the job 
on the scrap heap. The full depth of cut need not 
always be arrived at the first time, and it may not be 
even needed, but it matters httle if it is the first or 
second cut if the key way is out of centre, the job at an 
incorrect angle, or the wrong gear wheel interposed or 
a spiral. The same accuracy applies to the mdesing 
head used in wheel cutting. The right plate may have 
been affixed, but if the graduated sector is one hole 
ouu the job will be scrapped on the second tooth being 
cut. 


GUTTER ARBORS 

The cutters are placed on the shaft, or arbor as it is 
technically called. The driven end of the arbor is fitted 
into a taper hole in the driving spindle and kept from 
slipping by a dog near the end. This end is secured in 
the spindle by a long bolt that goes right through the 
spindle itself and screws into the arbor with a left- 
handed thread. To remove the arbor, first unscrew and 
take out the long bolt from the driving spindle, insert 
a brass or copper rod some 10 in. longer than the bolt 
and larger in diameter, using it as a ram to tap out the 
arbor. It is useless to give the arbor heavy blows, as 
it wi J only be tightened thereby. If it should get very 
tight, patience and light blows will succeed where 
impatience and the hammer will fail. 

With the average machine three arbors will be in 
use of ^ in., 1 in., and IJ in. diameters. The cutters are 
held in place by a series of collars secured by a large 
left-handed nut. Every time the arbor is dismantled 
the collars and arbors should be washed in paraffin 
to remove the chips or swarf. 

If on re-assembling any chips get between the faces 
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of the collars the arbor will be distorted and its accuracy 
lost. One of the collars will be found hardened and 
ground to run in the overhanging arm, or arbor yoke. 
This yoke is telescopic and removable when changing 
arbors or cutters. For light work the yoke need not be 
supported, but with heavy cuts the arm braces should 
be used. 

In securing the cutters, fit them on the place desired 
with the necessary number of collars and the hardened 



Fig. 4. CtrTfTBB Abbors for Use in Brown & Sharpe 
Milling Machine, with Threaded -nose Spindles 

one in the correct position for the arbor yoke, bring 
the yoke into position and lock it there, then with a 
spanner fasten the nut that secures both collars and 
cutters. It is obvious that if the nut is tightened 
without the arbor being adequately supported it will 
be bent. It is not always necessary to remove i he arbor 
to change cutters unless one with a different diameter 
hole is to be used. 

Again, it is mentioned that strict attention to detail 
and calculations, plus cleanliness, makes the good 
operator. It is impossible for him to change his mind 
<moe the machine is started. Fig. 4 illustrates some 
tyi^cal cutter arbors. 
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SPEEDS 

Milling machines in many instances are driven by 
cone pulleys and usual back gear, as on the lathe. The 
feed of the table is, in a number of cases, also cone 
driven, but however the feed is obtained on the cone 
pulley machine it is dependent on the spindle speed of 
the machine itself. If the operator desires the spindle 
to rotate at the lowest speed (with the back gear in) the 
feed will also be lowered in proportion even if the highest 
feed is engaged. This applies to both cone and gear-box 
feeds. 

Since 1904 machines have been built on the constant- 
speed pulley principle. The machines have one large 
pulley, and the spindle is driven from this pulley through 
a gear-box. The feeds are also driven from this con- 
stant-speed pulley through a gear-box, and are quite 
independent of one another. Assume the operator has 
set his machine to cut a groove in a shaft, using a 
2| in. diameter cutter. He finds the cutter to be blunt, 
and changes it to one 5 in. diameter, not having 
another, the same as the original. This cutter, being 
twice the diameter of the original, will have twice the 
surface speed at the same spindle speed, therefore the 
spindle speed must be halved. On the constant speed 
machine, moving a lever on the spindle gear-box effects 
the change whilst the speed remains unchanged. On 
the cone pulley machine the feed also would have to be 
reset. The extreme ranges on constant speed machines 
are greater, and there being only one pulley it is wider, 
thereby transmitting more power for a less space 
occupied. 

AUTOMATIC FEEDS 

The machine should be fitted with automatic feeds 
in all three directions, the gear-dr. ven feed generally 
producing cleaner and more constant surfaces. With 

63— (5515) 
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jobs the hand feed is often used because the cut is 
over before the automatic leed can be engaged. Prom 
the illustration the various table controls on a Brown & 
Sharpe medium-sized machine can be readily seen, also 
the longitudinal drive of the table is generally fitted 
with a fast travel wheel to facilitate returning the table 
to its original position after a cut. This saves much 
handle turning, as when cutting long splines on a shaft. 



Fig. 5. Automatic Stops oisr Tabm 

A — Transverse hand feed / = Vertical knee clamp 

B “ Vertical hand feed J — Peed reverse operating lever 

O Longitudinal hand fine adjust- K — Adjustable dials graduated to 
ment thousandths of an inch 

J> = Longitudinal automatic feed trip L » Knob for locking transverse and 
and reverse lever vertical feed operating levers 

B — Transverse automatic feed trip M = Power fast travel control lever 

lever N ^ Centralized oiling for table and 

B ^ Vertical automatic feed trip lever saddle bearings 

Q » Lever for disengaging table feed O » Table clamp 

B “ Transverse saddle clamp P =» Adjustable table dog 

USE OF STOPS 

Stops are also fitted to machines so that the cut can 
be set to any predetermined length and depth. With 
the longitudinal traverse the lever D (Fig. 6) is set 
over opposite to the required direction of table travel, 
the trip-stop P returning the lever to the vertical when 
it reaches it and automatically stopping the table. 
Utis tarip-stop can be placed anywhere along the table 
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desired by the operator. When using end mills, as in 
cutting simken keyways, it is advisable to use a definite 
‘stop both ends of the table, the automatic device not 
being accurate enough for such work. Assume a ^ in. 
wide sunken key way has to be cut 2 in. long. The 
stops will be set to in. and traverse carried out by 
hand, because any attempt to overstep the mark, 
specially when nearly at the required depth, will be 
fatal to the cutter. In other instances, the definite 
stop can be set so that when commencing a cut the 
cutter cannot be run back against the driving dog or 
chuck, as when fluting reamers. The automatic stop 
is then used for stopping the table at the end of the cut. 

RATE OF FEED 

The actual feeds are left to the operator, who will soon 
learn the feed that suits any particular job. Ordinarily, 
the order of speeds is as on the lathe with the same class 
of metals. The apprentice wiU generally have worked 
a latbe prior to a “ miller,” therefore speeds should not 
present any actual difficulties. Milling machines run 
in either direction, according to the type of job, and the 
direction of feed is an important factor. It is obvious 
that an operator when cutting cast iron would not wish 
the cutter to be continually cutting into the scale of the 
casting. He would arrange the rotation so that the 
cutter broke through the scale from the underside, with 
the consequence that the cutter always met the soft 
metal first. It is also obvious that the direction of feed 
should be opposite to the rotation of the cutter to 
prevent drawing the work in and taking too deep a cut. 
This applies more especia ly when the machine shows 
signs of wear in the table screws. There are instances 
when the table has to work in the same direction as 
with thin cutting saws and very deep slots, when there 
is a tendency for the cutter to run out of fine tmless 
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both feed and rotation are in the same direction. When 
cutting in this manner see that the gib screws are 
temporarily tightened to take up lost motion and, if 
necessary, a cotmterweight can be attached with a chain 
over a ptilley to hold back the table from the greediness 
of the cutter. Pig. 6 shows correct and incorrect 
cutting at A and JB respectively. 

Por very accurate limits it is impossible to finish the 




Fig. 6. Correot and Incorrect Cutting 

job in one cut. A second and lighter cut at a faster 
speed or smaller feed will produce closer limits and finer 
finish. In cutting down two sides at once the cutters 
can be set apart on the arbor by the collars and spacing 
washers, trial cuts being taken until finality results. 
These trial cuts are only worth while when quantities 
of the same article are to be produced. As an instance, 
it would not be worth while spacing two cutters 
specially to cut squares or hexagons on three or four 
special bolts. Even on small well-finished hexagon bolts 
it is as well to take the second cut if cutter marks are 
to be eradicated. 

-There is always a certain amount of lost motion on 
the feed screws, even on a new machine, and as it 
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ages this lost motion increases ; therefore always 
eliminate this backlash before commencing the actual 
measurements of the feed. This is done by giving the 
handle a turn the opposite way to the direction desired, 
then reversing the action and taking note when the 
cutter comes in contact with the work. If the handle 
has to be reversed during any operation, always note 
the graduation mark before turning the handle, so that 
it can be easily reset with any addition necessary. 

MACHINE FOUNDATIONS 

The milling machine should be set down on concrete, 
as floor vibrations are imparted into the work and 
accuracy of the machine impaired. If on a wood floor 
the machine should certainly be set over a beam or 
support, and not in the centre of a span. The machine 
should also be set dead level, and as it is grouted in, a 
spirit level laid on the table should be consulted from 
time to time. The level should be laid both longitudin- 
ally and transversely, so as to assure its being dead 
level both ways. If the machine is truly laid the spirit 
level can be used in setting up work, and so save time 
and labour with the sur ace gauge, also the awkward 
shape of castings may make it difficult to use the gauge. 

HOLDING DOWN THE WORE 

Small work when held on the table should be released 
somewhat after the coarse cuts have been taken, so 
that when the finishing cut comes along the job has 
taken up its own position when relieved of bolting-down 
stresses. This is most important, as it is so easy to 
clamp work down and set up ulterior strains, so that 
when the job is taken off the machine its surface is 
found to have a twist or hollow. 

The illustrations give some idea of clamps, bolts, 
steps, and jacks used. Many of them will be in ranges 
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of siaes, also the operator will, from time to time, 
make clamps pf special design, all of which should be 
preserved. 

The clamging bolt should be placed as near the job. 



Fio. 7. Ikoobbecx Method of Hoddhto Dowsr Work — 
Job is Too Fab from Clamp Bolt 



as practicable, so that the main pressure is on the job 
and not on the packing piece. This also helps to lessen 
table strains. The job need not be held down very 
tightly if a stopping block is bolted to the table to keep 
the job from being forced along it by the pressure of the 
cutter’s action. When fastening down the job, especially 
if its length is nearly the range of the machine’s tra- 
verse, see that the cutter will go from end to end before 
hnal arrangements are made (see Pigs. 7 and 8). 
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The cutter should always be placed on the arbor as 
near the spindle nose as possible. This not only takes 
the strain off the overhanging yoke bearing, but 
, assures the weight of the job- being near the main body 



Fig. 9, Various HoLumG-Do-ww Cia.mps, Bolts, 
Jacks, etc. 


of the machine, and taking the strain from the knee as 
well. 

Many jobs are held in the vice, the jaws of which are 
ground hardened steel, unhke the fitter’s bench vice. 
All milling machine vices are made with greater 
accuracy, and should be retained for that machine 
only and not loaned to the drilling machine, where it 
will get rough usage and soon lose the excellent 
parallel finish of its jaws. The average vice is made to 
swivel, and has graduations marked around the base 
to show the angle to which it is swivelled. On the 
underside are two dogs, which should be a fairly tight 
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fit in the table slots, assuring the zero mark being in the 
correct position. To check the accuracy of the zero 
mark, lay in the vice a long straight-edge and, with the 
aid of a square on the table, swivel the vice until the 
straight-edge is parallel with the table slots. Again, it 


can be checked by lightly 
clamping a square in the 
vice, having the square 
on its side. Remove any 
cutter from the arbor and 
have only plain collars 
thereon. Raise the knee 
until the square is level 




Fig. 11. CmcuLAn Milling 
Attachment 


with the arbor, and then 


move the table along until the square comes in con- 
tact with the arbor. They should be exactly parallel 
to one* another. The illustration shows a vice in use. 


A circular milling attachment is also illustrated. It 
is not for attachment to the gearing of the machine, but 



Fig. 12. Tilting Table 


is turned by hand. The table can be wholly revolved 
and is graduated to read to divisions of 5 min. each ; 
also on the front is a chart giving the settings to produce 
work with 2, 3, 4, 5, 6, 8, 9, 10, 12, 15, 16, 18, 20, and 
24 sides. 

TILTING TABLE 

Where much taper work has to be carried out a 
tilting table is a valuable asset. The indexing head, 
with its centre, can be fitted to this table for con- 
tinually fluting reamers and other taper j obs . The table. 
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when set, can be removed from the machine and set 
eiside until again reqiiired, without disturbing the 
taper to which it has been set. 

THE SPIRAL AND INDEXING HEAD 

The indexmg head is part and parcel of the universal 
inilHr>g machine, and even of the plain milling machine, 
because in the general engineer’s shop the majority of 



Pjg. 13 . Brown & Sharpe Indexing Head 


milling jobs consist of producing hexagon- and square- 
headed bolts, cutting key ways, splines or squares on 
shafts, fluting taps and reamers, and many other jobs 
an requiring the circle to be accurately divided. The 
indexing head is used to divide the circle into any 
number of required parts. On the head can be fixed a 
chuck to hold work, as on the lathe, or the work can be 
placed between centres. Fig. 13 shows the head with 
centre and driving dog. 

There are two types of indexing heads, the plain and 
the differential ; both are of the same principle, the 
fastter bemg more complicated and made to deal with 
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spiral work as well as enabling the operator to obtain 
a greater number of divisions. 

THE PLAIN HEAD 

To deal with the plain head first. The head itself 
consists of a substantial casting within which is motmted 
a revolving hollow spindle. This spindle is turned by 
hand. The spindle is fitted with a worm wheel having 
40 teeth, and driven by a worm shaft screwed with a 
single thread. The end of the shaft is fitted with a 
crank and handle. Consequently one must turn the 
crank forty times to revolve the spindle once. 

Before going further into the system of dividing the 
circle it will be readily seen that if, after running the 
cutter along a shaft (so producing a flat), the crank 
handle is turned exactly ten times and the cutter run 
along again, we will produce another flat at right angles 
to the first. If the crank is turned another ten times 
and a cut taken, then another ten and the last cut taken, 
the shaft will either become a square, or at least wili 
have four flats thereon at 90 degrees each. The fact 
is we have divided the circle into four equal parts. 
Should the crank handle only be moved five revolutions, 
the circle will be divided into eight equal parts. All 
this is very simple, but when it is desired to produce a 
hexagon it means we have also to divide the crank 
revolutions into parts as well. Our formula is 
40 6 = 6f , therefore to form a hexagon the crank 

must be turned six complete revolutions and two-thirds 
of a revolution. To carry this out easily the various 
manufacturers have provided the head with a number 
of circular plates that in themselves have been carefully 
spaced so that the crank handle can be held, or stopped, 
in any desired place. Holes are drilled in the plates 
so that a spring pin on the handle can be arrested at the 
desired division. The plates are called division plates, 
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and using the Brown and Sharpe head as example, we 
have three plates having circles on them with the 
following numbers of holes. 

Plate 1: 15, 16, 17, 18, 19, 20 holes. 

„ 2: 21, 23, 27, 29, 31, 33 „ 

„ 3: 37, 39, 41, 43, 47, 49 „ 

The circles of holes all commence on a single line 

radiating from the centre, and are numbered on that 
line, making it easy when selecting any circle. The 
spring pin when fitted into any hole stops the spindle 
from moving whilst a cut is on, besides which the head 
is provided with a clamp to assist the spring pin in 
retaining its position. To fix a plate,* the handle is 
removed and the desired plate is attached by 2 counter- 
sunk screws (not seen in any of the sketches). The 
handle is then replaced with the spring pin in the zero 
hole of the circle required. 

To revert to the hexagon, we have arrived at six 
complete turns and two-thirds of a turn, but there is 
no plate with only 3 holes, therefore the value must be 
raised f X tt = |§ ; therefore, if the 33 circle is chosen 
on Plate 2 and the first cut taken with the pin in the 
first (zero) hole, it will only be necessary to turn the 
crank six times and 22 holes to produce the second side. 
After taking the out we make another six turns and 
22 holes from the place where the pin was last, and find 
that we have stopped 1 1 holes past the zero from whence 
we started. Another cut and the same procedure as to 
turning the crank brings the pin back to the zero hole, 
and proves the movements to be correct, i.e. 6f X 3 
= 20, or one-half the revolution of the spindle. Proceed 
to cut the remaining sides. It will be seen in cutting 
the hexagon that the 39 circle on Plate 3, or the 18 
circle on Plate 1 could have been used by spacing either 
26 or 12 holes respectively. 
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With the Cinciimati milling machine only two plates 
are used containing the following holes — 

Plate 1 : 24, 25, 28; 30, 34, 37, 38, 39, 41, 42 and 43 holes. 

„ 2 : 46, 47, 49, 51, 53, 54, 67, 58, 59, 62, 66. 

The ratio of the spindle and worm shaft is the same, 
i.e. 40. These being the two chief principles of indexing, 
the holes are only duplicated in four instances — 39, 41, 
47, and 49. Notwithstanding all these circles of holes, 
it is impossible to obtain certain divisions. It will 
be found with the Brown & Sharpe system that it 
breaks down at 51, and with the Cincinnati at 61 and 
many higher numbers, such as 63, 67, 69, 71, 73, 77, 
and so on. 


THE DIFFERENTIAL HEAD 

As one often wishes to cut teeth of these numbers in 
wheels it is certain that some method has been devised 
to overcome the difficulty, because many wheels are 
seen to have such teeth, and this is where the difEerential 
indexing head is used. We have mentioned the division 
plates fixed to the side of the plain indexing head. 
Suppose tlie plate to be fixed to the spindle and move 
with it ? When the crank handle is turned once the 
plate will turn one-fortieth of a revolution. By so 
doing in one complete revolution of the spindle, the 
spindle itself will only divide the circle into thirty-nine 
parts instead of forty because, the plate moving with 
the crank, it will have lost one-fortieth at each turn. 
Suppose the plate and crank handle are arranged to 
go in opposite directions, then instead of following the 
crank it will be moving against it, and the circle will 
be divided into forty-one parts instead of forty, 
because the spindle will gain one-fortieth per revolution 
of the crank handle. The spring pin will, of course, be 
placed in exactly the same (zero) hole every time. This 
hole gradually performs a circuit of its own, either with 
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or against the spindle as required, and it is on this basis 
that differential indexing is carried out. The change 
wheels supplied with the Brown and Sharpe head 
enable the operator to divide the circle from 2 to 382 
divisions and many others exceeding this number. 
The wheels are used precisely as the change wheels on 
the lathe, and the head is so arranged that a wheel can 
be placed on the spindle and on the division plate with 
intervening movable studs to carry the idling wheels 
which, when interposed, change direction and help to 
engage the spindle and plate wheels. As with the lathe, 
the gearing is sometimes compounded. 

The sectional illustration (Fig. 14) shows the con- 
struction of the plain head. The hollow spindle is 
rotated by means of the worm wheel B, which is driven 
by the worm shaft A. (7 is a large division plate on the 
front part of the head to index rapidly divisions of 3, 
4, 6, 8, 12, and 24 divisions without using the other 
plates. This large plate is locked in position by the 
sliding pin D. The worm shaft A can be disengaged 
(there is a reason for this, as will be seen with spiral 
milling) by rotating the knob E a quarter turn with a 
pin spanner. When turned in a direction opposite to 
the arrow marked on the knob it loosens the nut G 
that clamps the eccentric bushing H. By turning 
together E and F the bushing H will revolve, throwing 
the worm shaft out of gear with the worm. The opera- 
tion is reversed to engage worm and shaft. 

The wheefc used in differential indexing have the 
following numbers of teeth — 24 (2 gears), 28, 32, 40, 
44, 48, 56, 72, 86, and lO'O. 

Before proceeding with differential indexing it is as 
well to explain the methods of using the crank handle, 
locating holes, regaining position (if once lost), use of the 
sector to save counting odd holes, etc. Immediately 
b^iind the ^crank. handle and in contact wdth the 
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division plate are two arms which can be closed 
together or spread apart by releasing the screw A shown 
in Fig. 15, page 992, the graduated sector and division 
plate. To use the sector loosen the screw, and when the 
pin is in the zero hole (prior to commencing operations) 
set the left-hand arm against the pin, then set the right- 
hand arm the other side of the next hole, and covering 



Fig. 14 . Sectional Details of Plain Indexing H'bi ap 


the following hole, that the pin will have to go into, 
lock the screw. Wlien the cut is finished it only 
be necessary to turn the crank handle the requisite 
number of complete revolutions and then on a little 
further until the pin nearly reaches the right-hand arm, 
when it will fall into the hole required. Whilst the cut 
is in hand the tightened arms can be slipped aroimd 
until the left-hand arm again touches the pin, when it 
is automatically set for the next turning of the crank. 
With the Brown & Sharpe head a table is issued to 
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save all calculations, and as the sector is graduated it 
is only necessary to refer to the figures at the right-hand 
side of the column to know where to set the arms. The 
graduations do not record degrees, and are only a means 
of quickly attaining the spacing desired. 

The crank handle is adjustable so that delicate 
location can be made. This enables the crank to be 

brought to the near- 
est hole without dis- 
turbing the work, 
especially if it has 
once been com- 
menced. To adjust 
the crank operate the 
knurled screws A A, 
unscrewing one and 
screwing up the other, 
thus slightly rotating 
crank until the pin 
drops in the hole. To 
adjust the wo'rk to 

Fio. 16. Sector tor Sxjbdividing plate, the pin 

CiROLEs is dropped into the 

hole first when, by 
turning the knurled screws, the work rotates until in 
the desired position. The crank is also adjustable to 
the circle diameters. 

As explained, differential indexing is carried out by 
turning the crank through a certain number of holes, 
the crank turning the spindle, and the spindle turning 
the plate. Our simple explanation was with the actual 
“ lead ” of the head itself, namely, a ratio of 1 to 40. 
By inserting various gears and changing their directions, 
we can obtain other ratios and multiples of ratios. 
Although tables are printed to assist the operator, it is 
as well for him to know how to do it himself. He is then 
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a sure workman, and can check any given calculation. 
Any operator who does not know why such a thing 
happens cannot call himself a first-class mechanic. It 
is part and parcel of his business to know what he is 
about, because the day must come when he will have 
to figure out some problem on his machine that is not 
contained in any table. The turner is supposed to be 
able to calculate his 
wheels when screw- 
cutting — why not 

the milling machine 
operator 1 

With differential 
indexing it is not 
imperative to select 

particular Fio. 16. SHOwma Method oe 

sion plate, but it ‘is Adjtjsteno Cbaek Handub 
best to choose one 

with a number producing factors that are contained 
in the change gears supplied, for if the number of 
holes in the division plate H (Tig. 14) contains a 
factor not found in the gears, it will be difficult, and 
perhaps impossible, to obtain the correct ratio in the 
wheels used between the spindle and the division plate 
X, unless the factor is cancelled by the difference 
between the number of holes in the division plate and 
the ratio of the head HV, and the number of divisions 
required and the number of holes taken at each 
indexing Nn, or unless the number of divisions N 
contains the factor. 

When the number of holes in the division plate and 
the ratio of the head ifF is greater than the number of 
divisions required and the number of holes at each 
indexing Nn, and the gearing is simple, use one idler 
only. If compoimd, use no idlers. 

When the number of holes in the division plate and 




994 


WORKSHOP PRACTICE 


the ratio of the head HF is less than the number of 
divisions required and the number of holes at each 
indexing Nn, and the gearing is simple, use two idlers. 
If compound, use one idler. 

Observe the above rules carefully, also note that the 
same two rules govern the actual calculations of the 
gearing proper. 

Select the number of holes taken at each indexing w, 
so that the ratio of gearing will not exceed 6 to 1 on 
account of stress on the gear teeth. 

The formula for gearing is — 

number of divisions required, 
number of holes in division plate, 
number of holes taken at each indexing, 
ratio of head = 40 on Brown & Sharpe head, 
ratio of train of gearing between spindle and 
plate. 

gear on spindle ) _ . 
first gear on studP’^™’^- 
second gear on stud > _ . 
gear on plate ^nven. 

H V Nn ££ greater than Nn. 


N = 
H = 
n == 
V = 
x ~ 

8 = 
Ox = 
Oz = 
W = 

X — 

X = 


H 

Nn—HV.,„„. , ,, 

^ if if K IS less than Nn. 


X = for simple gearing. 

X = compound gearing. 

Example — 


Number of divisions required = 69 (N). 

Before proceeding further the operator decides the 
^vision plate he will use and the number of holes he 
0^ index. Prom these he will be able to define (x). 
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Assume the 33 circle is chosen ( H) and the number of 
holes decided to index at a time to be 22 (n). Ratio 
of head — 40 ( V), then 

(H X V)-(Nxn) (33 X 40) - (59 X 22) 

^ = B = 33 

_ ^ _ 2 ' 

“ 33 ” 3 IT 

The operator selects gears 32 and 48 because 

jSf 2 2 x 16 32 gear on spindle. 

F ^ 3 3“ X 16 48 gear on chvision plate. 

As BV (33 X 40 = 1320) is greater than Btt 
(59 X 22 = 1298) and the gearing is simple, only one 
idler is required. 

Example — 

Divisions required =319 (N). 

Division plate selected = 29 ( B). 

Holes to be indexed (selected) = (4 (n). 

Ratio of gears required = (a:). 

Ratio of head = 40 (F). 

(N X n)-(B X V) (319 x 4) - (29 x 40) '] 
~ B ~ 29 

1276- 1160 _ 116 4 12 3X4 

^ 29 ■~'2^— 1~1F®^ 3 ~ 1x3 

SGi (3 X 24) X (4 X 16) _ 72 X 64 

~ GgW ~ (1 X 24) X (3 X 16) 24 X 48 

Wheel 72 goes on the spindle. 

„ 64 „ „ stud (1st). 

,, 24 „ „ „ (2nd). 

, 48 ,, ,, division plate. 
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It was here necessary to compound as no wheels 
can he found to give a 4 to 1 ratio. 

HV being less than Nn, and the gear being com- 
pound, one idler is required. 

Before leaving the formula, which may seem so 
bewildering to the young mechanic, perhaps it would 
be as well to put into figures our first explanation of the 
differential method, and show how 39 and 41 divisions 
would appear if worked out. Of course, one does not 
use any gears at aU in actual practice because there is 
no necessity, but the fact that the full number of holes 
in the division plate can be used simplifies matters in 
bringing home to the operator the actual working of the 
system. Example — 

Divisions required = 39 {N). 

Division plate selected = 20 (H). 

Holes to be indexed = 20 (w). 

Ratio of head == 40 (F). 

In this instance HF is greater than Nn, therefore 
the formula is — 

/Plate H Head ratio V\ /Divisions N Holes «\ 

V 20 X 40 ; - V 39 X 20 ; 

20 Plate H 

800 — 780 _ 20 _ 1 24 gear on spindle. 

— 20 “ 20 ~ 1 24 r. » plate. 

The gearing is simple, therefore one idler is used and 
the plate revolves with the crank, thereby losing a 
division. 

Example — 

Divisions required = 41 {N). 

Division plate selected = 20 {H). 

Holes to be indexed = 20 (w). 

Ratio of head = 40 ( F). 
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Fia. 17. Simple Teain of Wheels Set for 
271 Divisions 



Fig. 18. Compound Train of Wheels Set for 
319 Divisions 
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In this instance HF is less than Nn, therefore the 
formula is set out as follo'ws — 

/Division -y Holes n\ /Plate H Head ratio PN 

41 X 20 ; - V 20 X 40 ) _ 

20 Plate H ~ 

"820 — 800 _ 20 1 24 gear on spindle. 

~ 20 20 ~ 1 ^ » » plate. 

Our rule says that as H F is less than Nn two idlers 
must be used, so revolving the plate against the crank 
and gaining a division. 

Figs. 17 and 18 show simple and compound gearing 
respectively. The first is set for 271 divisions, the 
wheels being : C — 56 teeth ; JS? = 72 teeth ; D — idler. 
It will be clearly seen that the idler is simply to rotate 
the division plate in the same direction as the crank. 

Fig. 18 shows compound gearing set for 319 divisions. 
<7 = 48 teeth ; F == 64 teeth ; Q ~ 24: teeth ; E — 
72 teeth ; and R = 24 tooth idler. 

When being used for differential indexing the head 
oannot be used at any angle other than 180 degrees 
(parallel to table) on account of the spindle gear being 
attached to the centre holding the work. The chuck 
may be used, but work cannot be passed through the 
hollow spindle, as the centre occupies that position. 

SPIRAL imiLING 

A further use of the differential head is to produce 
flutes or sides on cylindrical work that gradually per- 
form a spiral on the work itself. This is carried out 
by attaching the head to the screw of the table by a 
train of wheels, so that the work revolves whilst the 
table is travelling under the cutter. 

A toothed wheel of predetermined size is placed on 
the screw of the table behind the handle in place of 
a collar usually fitted when the head is not required. 
This wheel operate another wheel (with intermediates 
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inserted) attached to the division plate and revolves 
it. When the pin in the crank handle is'lntefeftfed in 
the division plate, the plate dSives the crank handle 
which in turn drives the job. Ftom this it will fee 
seen that, although geared, the head (jS)^hei used as a 
simple dividing device just the same. the machine 
being stopped, the pin can be withdrawn and the usual 
system of dividing proceeded with ; also any division 
plate can be used. Such dividing is continually in 
practice when making taps, reamers, special cutters, 
spiral spur wheels, etc. The work can be held between 
centres or in the chuck, also the head can be set at 
any angle to the table on account of the arbor carrying 
the wheel that drives the division plate being parallel to 
the table and is in a fixed position. In ordinary practice 
no wheels are used on the “ centre,” as with differential 
dividing. 

The lead screw of the table is J in. pitch (four threads 
to the inch), therefore one turn of the screw will turn 
the head one-fortieth if wheels with an equal number 
of teeth be used as a train. It will, therefore, take 
40 turns of the screw to revolve the head once, and, 
as the screw has four threads to the inch, the table will 
have travelled 10 in. This is the natural lead, and is 
called the “ lead of the machine,” and on this natural 
lead all spiral calculations are based. If the operator 
wishes to decrease the lead he speeds up the head so 
that it turns more quickly in proportion to the table 
movement; if he wishes 'to lengthen the lead, say, to 
20 in., he slows down the head to one half. 

According to the lead, so the angle at which the cutter 
is set to the work- changes. This also applies to the 
diameter of the work, both having a distinct bearing 
on the angle. A graphic example of the relation of the 
lead and diameter to the angle is to cut a piece of paper 
as shown (Figs. 19 and 19a). The sides B and C are at 
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right angles. The length of G represents the lead to be 
out, and the length of the side B represents the circum- 
ference of the job. (The length of A does not matter.) 
If the paper is now cut into a right-angled triangle 
using the outer ends of C and B, the side A will form 
the line the cutter will take in cutting the spiral, and 



Fig. 19 . Pbactioal Illxtstbaxion of Belation between 
Lead and Diameter to Angle 


the angle between A and G will be the angle at which 
the job must be set in relation to the cutter. The 
situation is clearly shown if the triangular piece of 
paper is laid around the job as in the illustration. 

Without complicating the issue by small figures or 
fractional leads, let two pieces of paper be cut dealing 
with the natural lead of the machine, viz., 10 in., but 
using two different diameters of 2 and 4 in. respectively. 
Using approximate figures only, one triangle has the 
side B twice as long as the other. 
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First Triangle (Fig. 19} : 

Diameter of job = 2 in. 

Length of (7 = 10 in. (lead of spiral). 

„ B = 6-3 in. (circumference of job). 

Angle C - A =32 deg. 13 min. (angle of spiral). 




Second Triangle (Fig. 19 a) : 

Diameter of job = 4 in. 

Length of (7 =10 in. (lead of spiral). 

,, B 12*6 in. (circumference of job). 

Angle G — A =51 deg. 34 min. (angle of spiral). 
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It is assumed the operator is versed in the solution 
of right-angled triangles and knows the way to arrive 
at the angles herein mentioned ; anyhow, it is necessary 
to find the tangent of the angle between C and A by 
dividing the length B by C, the result being the tangent 
of the angle. On reference to a set of tables on trig- 
K onometric functions one finds the 

correct value of the angle, there 
being no necessity to find the 

jH length of A. 

^3 Tangent A — C = B -h- C (when 

Mg one angle is 90 deg.) 

\ \ The tangent is therefore *63. 

A \ \ The tables show that *63014 is 

^ '' ' approadmately 32 degrees 13 min. 

This is quite near enough for all 
practical purposes. 

It is again pointed out that the 
operator must study arithmetic if 
sexMbuSn^Be^r he wishes to be a successful milling 
machinist. Nearly every job is pre- 
ceded by a calculation of some kind . 

The machine table is now turned to the degree 
required, or if the machine is not of the universal type, 
the head is swivelled around to the required angle, this 
head being a special attachment to convert the plain 
to a universal machine. 

Care must be taken that the cutter is central with 


the work before proceeding, or the centre located so 
that the correct offset can be made (Pig. 20). Set the 
cutter in motion and raise the job until the cutter just 
scrapes the top and pass the table in all directions 
undmr the cutter. The spot made by the revolving cutter 


MILLING 


1003 


will be on the centre line of the job. This is an easy 
method when cutting ordinary spur teeth, because the 
cutter itself can always be used to prove position. 

With plain milling the job is often reversed without 
lowering away from the cutter and does not matter 
with straight flat surfaces, but with all spiral work the 
cutter must be free before an attempt is made to set 
for the next cut. 

The majority of spirals are right-handed, but left- 
hand spirals are cut by swinging the table on the 
opposite side of the zero line and introducing an 
intermediate wheel extra to usual train to reverse the 
action. 

The set of gears mentioned in the chapter on Differ- 
ential Indexing are used to obtain the various leads, 
and Messrs. Brown & Sharpe issue a book with all 
machines giving full particulars of trains of wheels and 
angles from a lead of *677 in to 149'31 in. 

The method of calculating the gearing required is 
as follows : Already it is known that the natural lead 
is 10 in., therefore one must find out the ratio of the 
lead required to the natural lead. Should the lead 
required be 12 in., then the ratio is 12 to 10, or by 
dividing the required lead by the natural lead (10) the 

, 12 6 
result is the ratio in the same manner : — = or 1-2 

10 5 

ratio. Example — 

What gears will be used to cut a lead of 27 in. ? 

27 9 3 /9 8\ /3 16\ 72 48 

10 “ 5 ^ 2 ~ (5 ^ 8/ ^ (2 ^ lej “ 40 ^ 32 

It will be seen the principle is the same as with lathe 
wheels. 

Another example, but with a lead of 12 in. : — 

12 72 X 32 wheel on worm x wheel on stud 2 

10 48 X 40 wheel on screw x wheel on stud 1 
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.The 72 goes on the worm that drives the division 
plate ; the 40 goes jfirst on the stud and the 32 on the 
top on the same stud, whilst the 48 goes on the lead 
screw of the table. As with the lathe the train can 
be transposed. That is the 72 can be put on the stud 
(in the second position) and the 32 can be put on the 
worm. 

In cutting the natural lead of the machine it is not 
possible to fit in wheels of equal teeth, therefore the 
process is carried out by using a nullif 3 dng train such 
as — 

56 X 24 _ 1344 
48 X 48 

With very short leads, it is preferable to disengage 
the worm wheel and connect direct through the centre 
carrying the job, which centre is provided with an 
arbor to take the change wheels (as with differential 
indexing). This method reduces the natural lead by 
one-fortieth, because the worm is eliminated. Calcu- 
lations are carried out by the formula-^ 

lead required 
40 

To index when the worm is out of operation, the wheel 
on the centre must have such a number of teeth that 
they can be divided into the number of divisions 
required, by swinging the gear out of mesh and 
replacing again at he next required’ settmg. If eight 
flutes are required and a 40 wheel is placed on the 
centre, it would mean placing the wheel in mesh again 
at every fifth tooth. 

The head cannot be swivelled when the centre is 
used to carry a wheel. 

Pig. 21 shows a train of wheels with and without an 
idler pinion. 
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jSETTlNG OUT Ain> MILLING CAMS 

With the aid of the vertical milling attachment it 
is not only possible to mill cams, that at one time were 
laboriously made by hand, but to cut them with far 
greater accuracy. 

The operation is carried out with the dividing head, 
which is geared to the machine table as in cutting 
spirals. The vertical spindle milling attachment is also 
used, and the two, being set to the correct angles, per- 
form the task with great accuracy. 

Cams are used on many machines and carry out 
many fmrctions, their main job being to raise levers 
to a set position with a certain lift, perhaps to maintain 
that position for a period and then return the lever 
to its original place with quite another movement 
altogether. This means that at no time is the periphery 
6f the cam concentric with its centre, unless movement 
of the lever is to be arrested or sustained in . any 
particular position. 

Owing to the great variety of ^ts in use, wheels 
to bring about the various leads wbijild be out of all 
economic proportion to general working. The usual 
change wheels are used in practice and leads of great 
accuracy obtained by setting the head and the cutter 
spindle at certain angles. It is with these angles that 
this chapter really deals. 

To explain the method let a circular blank be fixed 
on the dividing head and the attachment and the head 
set in relation to one another as in Pig. 22a. Gear the 
head to the machiue for a lead of 2 in. The cutter in 
use being an end-mill* (only the sides of which are used), 
start the machine and, in one revolution of the head, 
the cutter will have cut into the blank 2 in. because 
the job will have advanced towards the cutter 2 in. 
during one revolution. Keep in mind the fact that 
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only the side of the cutter is used. Now let head and 
attachment be set as shown in Fig. 22b, and with a 
similar blank on the head, let the machine be started. 
The lead of 2 in. will take the job towards the cutter 
spindle, but the cutter will not remove any metal 



because the job does not get any nearer to the side of 
the cutter. At a the cutter cut in the maximum, and 
at B the cut was zero. From this it will be seen that 
by setting the head and spindle to some intermediate 
degree between 0 and 90 any particular lead can be 
obtained, as Fig. 22o. 

The setting out of cams is quite a simple matter 
with practice and a knowledge of figures. For greater 



Fig. 22b 22c 
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accuracy, first of all choose a lead nearest but larger 
than the lead desired to be cut, the reason being that 
the operator has the whole 90 degrees at his disposal 







Fig. 23 . UNivEBSAii Attachment attached to “ Plain ” 
Mtt.t.tn g Machine CtrrriNa Spiral Spur Wheel 

to attain finality. As an example it would be useless 
to put on wheels for a lead of 10 in. when a cam with 
a lead of 1*26 in. only is required. Choose a lead of, say, 
65— (5515) 
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1-302 in. (wheels 28-86-40-100) so that the 90 degrees 
range is spread over 1-302 in. only instead of over 10 in. 
The desired lead will then read in degrees and quarter- 
degrees instead of seconds. The reason for this soon 
becomes apparent to the operator. 


o 



Fig. 24 


For ease in cutting cams it is necessary to mark out 
the desired cam within a circle divided into hundredths. 
A 360 d^re^ circle can be used but it entails better 
draughtsmanship and time. In Fig. 24 is shown a cam 
with a rise of 1-25 in. in 66 hundredths of the circle. 
For the purpc»e of this article the concentrie part can 
be ^neied "as it is produced by simply revolving the 
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head without moving the tahle. Also the portion from 
97 to zero is filed up when machining is finished. 

The operator must find the true lead for the whole 
circle, then the sine of the true and "equired leads, 
convert the sine into degrees, the answer being the 


o 



Fia. 25 

angle at which to set the head. The cosine of the same 
answer is the angle at which to set the attachment. 

Example with cam as in Fig. 24 — 

66 

Cam to have rise of 1*25 in. in Find true or 


actual lead of whole circle. 
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circle x required lead _ 100 X 1-25 in. 125 in. 
portion of circle to be cut 66 66 

= T* 8939 in. 

Therefore the actual lead of the whole circle is 
1*8939 in. 

As already stated, choose a lead near the one required, 
say 2 in., then proceed as follows — 

required lead 1*8939 in. 

— =- = — = *94696. 


actual lead 


2 in. 


Turning to a table on sines and cosines the nearest 
figure is *94693 (approximately), the value of which is 

sine = 71 deg. -15 min. to which the head must 
be set. 

cosine = 18 deg-45 min. to which the attach- 
ment must be set. 


94693 


Fig. 25 shows another cam with two different rises, 
i.e. 1 in. in 45 hundredths and ^ in. in 63 hundredths. 

In choosing the lead use a set of wheels for the larger 
of the two required leads, then without changing the 
train the head and cutter can be reset for the smaller 
lead. 


Example with rise of 1 in. in 46 hundredths. 

100 X 1 in. 100 in. 

7k = ~~Tk — = a required lead of 2*222 in. 


Wheels 24-40-24^72 give a lead of 2*222 in., therefore 
set both head and attachment vertically as shown 
in Fig. 24 and cutting commenced from the point 
desired. 

Example with rise of J in. in 63 hundredths (the other 
portion <ff same cam). 

100 X *6 in. 60 in. 


63 


53 


= *94149 in. required lead. 
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The machine is already set to a lead of 2*222 in., 
therefore, again the procedure is — 

required lead _ *94149 in. _ 
actual lead ~ 2*222 in. ~ 42371. 

The nearest figure in tables is *42367 which is the 
sine of 25 deg.— 4 min., at which to set the head, and the 
cosine of the same answer being 64 deg.— 56 min. it is 
the angle to set the attachment. 

Where much material has to be removed it is econ- 
omy to drill the job to a rough outline and break away 
the portions not wanted. 

To set out cams quickly a piece of sheet celluloid with 
a circle divided into 100 parts at which small holes 
are drilled is an expedient. Place the celluloid on the 
paper and at the sections of the circle desired place 
the point of the pencil through the hole or holes, then 
on removing the celluloid a line or lines can be drawn 
to the centre giving the exact sector desired. With 
this method there is no necessity to draw a circle and 
divide it into one hundred each time. 

CUTTERS AN» THEIR CARE 

Frequent grinding is the best advice in beeping 
cutters fit. Letting them get blunt means the removal 
of too much metal to regain a keen edge, therefore 
do not let the edge go altogether before giving the 
cutter a touch up. Little and often is the best policy. 
A dull cutter wears more rapidly than a sharp one and 
consumes more power. Also, the surface of the work 
is indifferent. 

Plain, side, and end-miUing cutters are sharpened on 
the tops of the teeth only, whilst formed cutters are 
sharpened only on the faces of the teeth. 

Clearance or relief of milling cutters is very impor- 
tant. This relief is the amount of material removed 
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from tiie top of the teeth back of the cutting edge to 
permit the teeth .to clear the job and not to scrape 
over it after the cutting edge has done its work. On 



!Pig. 26. Another. Method of TJsing TJnivers a t. 
Attachment 


formed cutters this relief or clearance has not to be 
ccaakidered, as the shape of the teeth are in relief when 
manufactured and sharpening only takes place on the 
face* 
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The angle of clearance somewhat depends on the 
diameter of the cutter and must be greater for small 
cutters. The diameter of the grinding wheel also has art 



Fig. 27 . Milling Spibal Cutteb on XJnivebsal 
Machine 


important effect on the clearance. The clearances 
should be from 5 to 7 degrees, and not more. The 
7 degrees clearance being for cutters under 3 in. 
diameter. End-mtUs should have a clearance of 
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2 degrees, and it is as well to hollow the end somewhat 
so that the outer edges of the teeth will not drag- This 


Fia* 28 , Another Use eor Universal 
Attachment 

is done by setting the swivel of the cutter when on 
the grinding machine slightly away from 90 degrees. 

Vibration in cutters is set up by too much clear- 
ance, amd the cutter should he re-ground with smaller 
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Fig. 29 . GBiNcrN'o the Teeth 
OF AH Angtctlar Ctjttbr 



Fig- 30 . GErwEiNG the Teeth 
OP A Smale Saw 
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Fia. 31 . GniNikiN'G Tim Face Teeth 
OF A Sfikai. End Mtle 



Fig. 32 . GurnDma the End Teeth 
OF A CToarse Tooth E^^D Mill 
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Sharpening with cup wheel 

Diameter 

of 

cutter 

A 

5 degrees 
clearance 

A 

7 degrees 
clearance 

in. 

in. 

in. 

i 

*011 

-015 

1 

•015 

-022 

i 

•022 

•030 


•028 

•037 

4 

*033 

•045 

i 

•037 

•062 

1 

•044 

•060 

li 

•050 

•067 

H 

•055 

•075 

U 

•066 

•090 

If 

•077 

•105 

2 

•088 

•120 

2i 

•099 

•135 

2i 

•110 

•150 

2i 

•121 

•165 

3 

! -132 

•180 

H 

1 -143 

•195 


•154 

•210 


•165 

•225 

4 

•176 

-240 


•198 

•270 

5 

•220 

-300 

H 

•242 

•330 

6 

•246 

-360 


Sharpening with disc wheel 

Diameter 

A 

A 

of 

5 degree 

7 degrees 

wheel 

clearance 

clearance 

in. 

in. 

in. 

2 

•093 

•125 

H 

■ -093 

•140 

2i 

•109 

•156 

2i 

•125 

-171 

3 

•125 

•187 

■H 

•140 

•203 

H 

•156 

•218 

H 

•156 

•234 

4 

•171 

•250 


•187 

•265 

H 

•203 

•218 

H 

•203 

•296 

5 

•218 

•312 

H 

*234 

•328 


•234 

•343 

H 

•250 

•359 

6 

•265 

•375 


Ths tables on this page will act as a guide to the 
operator in sharpening cutters with both disc and cup 
wheels. The cutter tooth rest shown in Pig. 33 is a 
piece of spring steel set vertically and moves with 
the grinding vh3el so that the edge of the last tooth 
ground can be sprung over as the next tooth is set in 
position. If the wheel is revolved as at G then the 
grinding wheel will keep the cutter down on the edge 
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of the spring blade of the rest. If driven as at J5 a 
keener edge will be obtained without any burr, but the 




eatter wiH have to be held in position, otherwise the 
grin^^ wheel will lift the tooth from the blade and 
ife badly. It wiU be seen that when the grinding 
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wheel passes in front of spiral cutters the cutter also 
turns according to the lead of the spiral, therefore it 
is more simple to run the grinding wheel as in direction 
O when the wheel will autoinatically keep the cutter 
on the rest. Any burr formed should be removed with 
a small oilstone before any cutting is attempted. 

Many large cutters have inserted teeth and the sketch 
explains method of withdrawing the wedges that hold 




Fig. 34 . Removing Inserted Fig. 36 . Cutter Tooth 

Tooth Phofixes 

the teeth. Remove security screws and insert another 
that screws into the wedge and not the main body. 
This will extract the wedges and allow the teeth to 
faU out. Teeth are not removed for grinding, except 
when broken or there is a general replacement. 

In sharpening all formed cutters care must be taken 
that the face of every tooth remams radial and the 
edges the same distance from the centre, otherwise the 
shape of the cutter changes and perhaps does no work. 
Any deviation from the correct method of grinding 
alters the shape and the cutter is no longer true to 
form. The tooth must not hook as it would if ground 
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as shown at <7, Fig. 36, nor must it drag as it would if 
ground at B. At A is shown the tooth ground out of 
square which will produce an incorrect tooth (one side 
being different to the other) and have a tendency to 
push the job out of position. The correct sharpening 



Pig. 36 . Speoiai, Tooth Houdbb 


is shown at D, the grinding wheel being in line with the 
centre of the cutter. 

The operator can also make up special cutters and 
fit them in a taper shanked holder (see Fig. 36). Many 
such cutters are made and should be stored for future 
use, as they are always handy and take up little space. 

It will be seen that the milling machine is a very 
accurate measuring machine, and there seems no limit 
to its possibilities in that direction providing the lead 
screws are accurately made. This means the machine 
mus|>be of high class quality. The cheap machine cannot 
produce good work however skilled the operator. 

The author is indebted to Messrs. Buck and Hickman, 
litd., for many of the illustrations in the foregoing 
pages. 
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SECTION XX 

JIGS AND TOOLS 

INTRODUCTION 

The pbject to be aimed at in the production of what are 
known in mechanical engineering establishments as 
“ jigs ” and “ tools ” is to produce means whereby 
articles can be manufactured in numbers, by skilled 
and partly skilled labour, in such a manner that each 
article produced shall be alike and shall be interchange- 
able with others produced by the same jig or tool. 
The word “ jig ” is mostly applied to something con- 
nected with drilling, in the form of a plate or box, which 
is held firmly to the article being made, whilst one or 
many holes are drilled in it. The word “ fixture ” is of 
American origin, and is usiiaUy applied to something 
that is fixed to a machine, such as a specially formed 
piece to which can be attached parts that have already 
had a machining operation performed on them, so that 
it can be assured further operations are accurately 
carried out in relation to a previous operation. The 
making of fixtures comes within the accepted scope of 
“ tool and jig-making.” 

The word “ tool ” in its relation to “ tool-making,” in 
the sense with which we are now dealing, does not 
include such tools as files, hammers, ordinary turning 
tools, standard sizes of drills or reamers, etc. 

Broadly speaking, “ tool,” as made by the tool-maker 
in an engineer’s shop, means something that cannot be 
bought ready made ; something that has to be made 
for some special job. The class of mechanic usually 
employed on such work is, or should be, possessed of 
higher skill than the usual turner, fitter, or machine 
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liand, and should be able to work to a finer degree of 
aQcnraoy than that required for general work. • In large 
shops they are sometimes divided into tool turners, 
tool fitters, tool mille rs, and tool grinders, but in smaller 
shops they are often expected to be all-round men who 
can do anything, including hardening and case- 
hardening. They are Supposed to own a better kit of 
personal tools than the rank and file of mechanics. 
It is essential that they should be able to read a 
drawing accurately, as without this they cannot hope 
to be successful. 

THE FDNCnONS OF JIGS AND FIXTURES 

Before anyone can become useful in the tool room, 
(as that department of a works is called where tool 
and jig work is carried out), it is essential for him to 
gra^ certain leading rules, which must never under 
any circumstances be departed from. 

The first operation on any part being machined by 
means of jigs or fixtures iS usually performed without 
the aid of a jig. As an example we will take a flange 
which has to be drilled with a number of holes at a 
certain distance from the centre and at even distances 
apart. Such an article would be turned first in a lathe, 
if it had a projecting spigot, or a bored recess, this would 
be used as a means of locating the jig used for drilling 
the holes. In the case of a flat plate with holes to be 
drilled in it, it would be first planed, without a jig-'-iCT 
would probably be planed on both sides and on one 
edge ; this ed^ would probably be used to locate a 
jig for drilli n g the holes. Were such jigs as those 
described later, to be laid on a rough casting they could 
not be espected to lie -evenly, and the holes in the jig 
would not Ito In axial alignm ent with the drill. Only in 
very raze instances is a rough casting or forging held in 
a jig for, toe fir^ , opbtation. When this is done, al) 
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following nperaMons mnSt be located from tbe previous 
one, in tio case should an article be held by an un- 
machined part a second time, further operations must 
in all cases be carried out by a location from some 
previous machining. The same rule applies to fixtures. 
As an instance, a plate might be fixed to a lathe chuck, 
bored to receive the spigot of a flange which had been 
machined on one side, whilst further operations are 
being carried out on the opposite side. Such a plate 
might be called a “fixture.” A fixture for a milling or 
planing machine should be made so that some previously 
machined face of the work can be fixed to it whilst 
further milling or planing is carried out, but in no case, 
where articles that have had machining done to them, 
should they be held by a rough unmachhied surface on 
a fixture. 


JIG- AND TOOL-IMIAKING 

In Large Establishments where Ji^ and Tool Draughts- 
men are Employed. In the larger engineering establish- 
ments a special drawing office is provided, where aU 
jigs and tools are drawn by a special stafi of draughts- 
men. In such establishments, the task of the tool- 
maker is a comparatively simple one, as all dimensions 
are carefully set down for him, all materials to be used 
are mentioned and limits of accuracy given. The w'ork 
of the tool-maker in such an instance is little more than 
that of a high-class fitter, turner, or machine operator, 
as he has no designing or scheming to do. So long as he 
carries out the instructions set down, the success or 
failure of the jig or tool rests with its draughtsmap. 

Where No Ji^ and Tool Draughtsman is ^nployed. In 
a small establishment, a tool-niaker may have a piece of 
work ^ven to hind and be told to make the necessary 
tools, jigs, and fixtures for its production. In such a 
case his t^k more, difficultv-he must be able to design 
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the necessary appliances. He must take the piece of 
work and consider what operation should be done 
first. He must then see his way clear so that he can 
locate the work from this first operated upon part, 
so that the next important part of the machining can be 
done in exact relation to what has been done before, 
and follow on with further operations until the part is 
finished. 

It is our intention, as far as possible, to give instruc- 
tions that will enable the reader to carry out jig- and 
tool-making of this description, as in many instances, 
the judgment of a really good and experienced tool- 
maker will produce better results than when all is set 
down for him by draughtsmen, who in many cases are 
wanting in shop experience. 

To carry out tool-making of this description, a 
knowledge of drawing is essential. 

OUTFIT FOR JIG- AHD TOOL-MAKING 

Any one who aspires to be classed as a tool-maker 
should have a kit of personal tools of a more complete 
kind than that used by an ordinary fitter or turner. 
Beyond the usual set of callipers, squares, etc,, which 
all mechanics are supposed to own, the following kit is 
suggested as the personal outfit of a tool-maker — 

1 in. micrometer. 

A complete set of Starrett’.®?, or otlier make, combination square 
and protractor. 

A dial test indicator with full set of accessories. 

A sliding gauge. 

A piece of sulphate of copper, and some Prussian blue. 

Where high-class tool-making has to be done, it is 
essential that certain things should be provided by the 
firm. In oases where the firm will not supply the 
necessary outfit, it is wise for the tool-maker to make an 
application for what is necessary, and if he is not 



JIGS AND TOOLS 


1029 


provided with what he requires, to point out that the 
work cannot be expected to be of the highest standard. 

THE EVILS OP POOR EQUIPMENT IN THE 
TOOL ROOM 

The writer is sorry to say that there has been a 
tendency in this country to stint the tool room so far as 
equipment is concerned. It is true that the tool room 
is in a way non-productive, that is to say, what is 
produced there is not sold, whilst what is produced 
in the shops represents immediate money. A short- 
sighted view of these bare facts, without going beyond 
them, has in the past done incalculable harm to British 
engineering, not only in the matter of the cost of 
production, but in the accuracy of the work produced. 

The tool department, its equipment, and its per- 
sonnel, should not be looked upon as a necessary evil, 
but as the place that can save more money for a firm 
than any other department. A tool department that 
is expected to make bricks without straw should protest, 
loud and often, until it gets a proper equipment. The 
following list of accessories may be looked upon by 
some as an extravagance, but the view of the writer 
is that it is the barest equipment with which a depart- 
ment can be expected to make proper tools and jigs. 

Besides the necessary equipment of tool room lathes, 
milling machines, drilling machines, and the full 
equipment of grinding machines, the following tools 
should be provided. 

Chucks. Taylor chucks should be fitted to all lathes, 
as they are the only chucks suited to tool-making. Four- 
jaw chucks should be provided, as well as a drill chuck 
fitted to the poppet. 

No matter how good the equipment of the tool room, 
it will soon become more or less inefficient unless it is 
properly looked after. It is essential that a tool room 
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should be dry, that is to say, that the atmosphere 
should not be one that will cause all tools to rust 
unduly. A good tool-room equipment is as foIlow’s-- 


Large lining-off table. 

Surface plates. 

Straight-edges. 

Long rules. 

Large sliding gauge of first-class 
make. 

Micrometers, above 1 in. 

Height gauge of first-class make. 
Depth gauges. 

Scribing block with test indicator. 
Adjustable parallels, Staxrett’s 
No. 154, two pairs. 


Twist drill and wire gauges. 

Tool -maker’s clamps. 

“ V ” blocks, assorted. 

Angle plates, assorted. 

Centre tester, Starrett’s No. 05, 
Test indicator, Starret’s No. 106. 
Taylor’s machine vices. 

Buttons for locating holes. 
Brown and Sharp’s full sot, 
long and short. 

Morse taper gauges. 

Johansson gauges. 


The best way that the widter has found of keeping the 
equipment of a tool room so that it can bo got at 
instantly when required, is to have cupboards made 
which are shallow, just deep enough for the appliances 
to stand side by side on the shelves. 

Glass doors to the cupboards are convenient, as the 
articles can be seen, and time saved when they are 
wanted. The writer has, however, found that fine-mesh 
wire or expanded metal makes the best door, as the 
articles can be locked up when not in use, and at the 
same time they are always visible. 


ESSENTIAL FEATURES IN JIG-MAKING 

Unless the following points are strictly observed, no 
drilling jig will be entirely successful. Ignorance or 
disregard of these features is the cause of much scrapped 
work and friction between the drawing office ami the 
tool room. It is true that a tool-maker is supposed to 
follow any drawings given to him from the jig and tool 
draughtsman, but if a drawing of a jig is handed to the 
tool room which does not conform to the following 
rules, it is best to call attention to the fact, and if the 
draughtsman persists, to make the jig under protest. 
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(a) It is necessary that any article held in a jig, to be 
drilled or otherwise operated upon, should be gripped 
so that it cannot move whilst the operation is in pro- 
gress, otherwise the work will not be accurate. Recog- 
nizing this, many will arrange clamps, set-sorews, etc., 
which although they may hold the work well enough, 
may distort it so much that when the holding is released 
the work will spring back to its original form, with the 
result that all accuracy is lost. It is essential that where 


Milled here 



any piece of work is held by a clamp or a set-screw 
there should be an abutment opposite the holding. 
Wherever possible, three points of bearing are prefer- 
able to four, especially when holding rough castings for 
a first operation. There are, however, cases where four- 
point bearing surfaces have to be provided — three of 
these may be fixed points, but one must be adjustable, 
as shown in Fig. 1, where we see a typical self-adjusting 
abutment. To emphasize this point, we repeat that no 
clamp or holding device should distort the work being 
operated upon whilst being held in a jig. 

(6) It must be easy to clean aU chips from jigs, which 
must accumulate in all machining operations. It is 
obvious that where a chip is allowed to lie between the 
jig and any part of the work which is used as a locat- 
ing point, errors must occur. It may be said that the 
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operator should clean his jig thoroughly before placing 
a new piece of work in it, but it should be remembered 
that jigs are given to persons of little skill to use, so 
such persons cannot always be relied upon to carry out 
the cleaning thoroughly. The examples shown in Pig, 2 
show how jigs should be made, so far as the points 
against which the work rests for accurate location. 

Where jigs have to rest on the table of a drilling 



Fig. 2. Jig, with Phoviston for Chti’s tg bk CiiiaAKiflu 

Away 


machine, it is not wise to provide a large, flat surface 
for the jig where it lies on the table. The reason for 
this is that chips are not easy to clear from under 
large flat surfaces, consequently an operator may lie 
his jig down on a lot of chips, in which case all accuracy 
is lost. Feet should be provided as shown in Fig. 3, 
as these, if moved about on the table, will push all 
chips aside and come down to the tiTie surface. It is 
well when making a jig that is to be used on a machine 
that has slots in the table, to be sure that these feet 
are wider than the slots, otherwise they will be contin- 
ually dropping into them. To emphasize this point, we 
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repeat that all jigs should be easily cleaned from chips, 
and that all locating points should stand proud of all 
surrounding surfaces, and that all corners where chips 
can lodge should be avoided. 

(c) Although it is essential that all drilling jigs should 
be so arranged that the bush w’hich guides the drill 
should come as near to the work as possible, it is 
necessary, especially where large drills are used for steel 



work, to provide ample means for the chips to escape. 
For this reason, it is often found an advantage to make 
the hardened bush which guides the drill, so that w'hen 
the drill has found a good bearing in the work, the bush 
can be removed. By this means the damage and wear 
to the bush caused by the strong chips, produced by 
modem high-speed drills, can be avoided. Another 
reason for the easy removal of the bush is that lubricant 
or coolant can more easily find its way to the drill, the 
enlarged hole previously occupied by the bush forming 
a funnel. 

To emphasize this point, we repeat that means should 
be provided for the escape of chips and for the intro- 
duction of coolant. 
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CASTINGS PREFERABLE FOR nO-ItlAKlNG 

Some tool-makers will go to a lot of trouble to make 
up jigs from pieces of wrought steel instead of having 
a pattern and a casting made. Experience has shown 
that a pattern and casting is in most cases the most 
satisfactory and the easiest way of constructing a jig. 
With a pattern, one can get exactly what is wanted in the 
way of bosses and other forms all solid with each other, 
whilst with a jig that is built up of parts of wrought 



steel there is always the likelihood of parts becoming 
loose, and errors occurring. 

When making patterns and castings for jigs that have 
to be handled, it is best to see that there is no unneces- 
sary weight, otherwise the jig is not a convenient one 
for a man to work. Jigs that have to be used on an 
ordinary drilling machine should have their feet of such 
a size that they do not drop into the slots Tisually found 
in the tables of such machines. This point can bo dis- 
regarded in the case of jigs that are to bo used in radial 
drilling rnachines, as in such cases the jig can bo bolted 
down and the drill moved from hole to hole. 

Jigs that have to be turned over for the drilling of 
holes on both sides of the work, or for discharging the 
work, should have handles fitted, Jis shown ixi Fig. 4, 
so that they can be easily manipulat<‘d. For largo size 
jigs, a sling should be provided, as shown in Fig. 5, 
so that the jig can be lifted by a tackle and turned over. 



1035 


JIGS A3SID TOOLS 

BACK PACING TOOL FOR USE IN DRILLING 
MACHINES 

There are cases where the face of a boss may req^uhe 
machining on the underneath side as it lies upon the 
table of the drilling machine. In smaller work it is 
usual to turn the job over and to face all bosses with the 



usual tool provided for that purpose, but in large work 
it is found more economical to do such facing whilst the 

job is in place. i i j v. 

There are several ways of making such tools, and sucn 

tools can be bought ready made. The type shown in 
Fig. 7 is a very simple form, and affords a good drive 
for the cutter. The lower end of the shank should be 
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Fig. (1. “Swiss Jio Boiikr ” in Ophhation 
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tapered to receive the cutter, which is held up and 
driven by a cottar. The upper end of the shank is best 
left parallel so that it can be held in a chuck, as with a 
taper shank there would be no means of pulling the 
cutter upwards. 

REMOVABLE BUSHES FOR DRILLING JIGS 

It has already been pointed out that in certain cases 
it is advisable to remove the bushes of drilling jigs when 
once a drill has entered below its chamfer. This is 




Figs. 7—9. Back Facing Tool and 
Bush Bemovek. 

particularly the case when drilling steel, as the strong 
chips produced by modem drills cause undue wear in 
the bushes and obstruct the stream of coolant. 

There are several plans adopted for the easy removal 
of such bushes, some preferring to screw the bushes into 
their holes, whilst others rely on a slight taper, with a 
flange on the bush which can be lifted by means of a 
forked pinch bar, as shown in Fig. 9. The latter plan 
is preferable, as the taper can easily be cleaned from 
chips, whilst the screw is more difficult to keep clear, 
and chips are likely to throw the bush out of centre. 
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ACCURATELY POSmONINa HOLES IN 
DRILLING JIGS 

Those who aspire to be tool-makers, must abandon 
all ideas of locating the positions of holes in drilling 
jigs by means of measurements taken from a rule with 
dividers (location by means of centre punch dots with 
circles scribed round them) as such methods, although 
good enough for many ordinary jobs, are practically 
never used by up-to-date tool-makers. Some means 
must be adopted whereby the positions of the holes in 
relation with each other, or in relation with some guid- 
ing part such as the spigot of a flange, or their distance 
from the edge of some part that has been planed, can 
be carried out with more accuracy than is possible with 
scribed lines and punch dots. 

MAKING DRILLING JIGS IN THE MILLING 
MACHINE 

One of the commonest ways of making drilling jigs 
for such holes as those through which bolts are to pass, 
and where a certain amount of clearance can be per- 
mitted between the bolts and their holes, is to locate the 
holes roughly by scribing them off in some cases, then 
clamping the jig to the table of an ordinary milling 
machine, and by means of the indexed screws bring the 
jig to such positions as are necessary for the more 
accurate boring of the holes by means of a single- 
pointed boring tool held in a holder such as those 
shown in Fig. 10. By moving the long slide to the 
required distances as shown on the index of the screw, 
and by raising or lowering the table, the required 
dimensions can be obtained with a degree of accuracy 
that is good enough for most ordinary engineering work. 

When this method is adopted, great care must be 
taken to avoid errors that may occur through back- 
lash in the screws. When reading the index, the screw 
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should always be moving in one direction, as a partial 
reversal of the screw may bring the index to the required 
position, but owing to backlash, which is present in all 
slide screws, a false reading may result in a serious error. 

Whilst using the boring tool shown in Fig. 10, care 
should be taken that a sufficient number of light cuts 
are made to ensure that the bored hole shall not be 
effected by any error that may have existed in the 
position of the preliminary hole that has been drilled 
in the jig. The exact diameter of holes bored in this 
manner can be obtained by using a reamer in the mill ing 
machine to finish the hole with. 

SPECIAL JIG-BORING MACHINES AND 
APPLIANCES 

Various appliances, such as tables "with indexed 
screws, are made for the production of drilling jigs, an 
example of which is shown in Fig. 1 1 in the “ Kellocater.” 
Such appliances are said to be of use in an ordinary 
drilling machine ; the writer’s experience is that 
ordinary drilling machines are not made for accurate 
work so far as the fit of the spindle in the bearing 
nearest the work is concerned, consequently any slack- 
ness here may result in errors in the jig produced. Such 
appliances are, however, quite useful when used in a 
vertical milling machine, where a rehable fit of the 
spindle to its bearing can be relied upon. Such 
appliances are more useful when they are fitted with 
a revolving table, which can be used for such holes 
as those of cylinder covers, etc. 

In all probability, the “ Swiss Jig Borer ” (see Fig. 6) 
made by the Society Genevoise d’lnstruments de 
Physique, of Geneva, is the last word in precision jig- 
boring machines. Not only will this machine produce 
work of the greatest possible accuracy, but it produces 
it quickly and cheaply. To ensure a greater degree of 

7~(55I5) 
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accuracy than can be relied upon with screws, all screws 
are fitted with a means of correcting local or other errors, 
the plan adopted being that known as the “ mountain 
range,” which is described later. 

Another, and most useful machine for jig boring, is 
that made by the Cochran-Bly Company, of Rochester, 
U.S.A. This machine is provided with universal slides 



Fig. 12 . Typicaij Job PwREOHivnoi) on 

"" KKIiliOOATWR ” 


and a circular motion, all of which are accurately 
indexed. A spindle such as used in a vertical boring or 
nulling machine is fitted for drilling, boring, or juilling. 
By the side of this is a ram of a slotting machine. This 
is adjustable to work at any angle. By the use of this 
machine, jigs can be drilled, bored for accuracy, slotted, 
vertically milled, and vertically shaped, all in the one 
setting, and all dimensions determined by the indexed 
screws. Where press tools have to he made, this 
machine is of great value, as the taper or draught 
necessary on press tools can be slotted out, and prac- 
tically the whole press tool made in the one setting. 
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The Button Method.. Where a high degree of accuracy 
is needed and no special jig-boring machines are in- 
stalled, the button method is perhaps the most reliable. 
Fig. 13 shows the kind of button which is made for this 
work. They are of hardened steel, ground on the out- 
side to accurate dimensions, so that the position of the 
holes they represent can be relied upon. Their faces are 
ground truly, so that they can be counted on to stand 
perpendicular with any face to which they are tem- 
porarily attached. Wherever there is to be a hole in a 



Fig. 13. Vabioijs Buttons 


drilling jig, one of these buttons is held in position by a 
hole drilled and tapped to receive a small screw. These 
screws do not fit the holes in the buttons, so the latter 
can be shifted about until an accurate position is arrived 
at, then the screw is tightened, and by means of its 
washer it holds the button temporarily in its position . 

If Johansson gauges are available, they can be used to 
separate the buttons or to determine their distance 
from a machined edge of a jig. Should Johansson gauges 
not be available, discs can be turned from thin plate 
to the exact distance which should separate the but- 
tons or otherwise locate them. Straight-edges can be 
employed where buttons have to be arranged in a 
straight row. When all buttons are satisfactorily in 
place, the jig can then be bolted to the face plate of a 
lathe as shown in Fig. 14. The first button to be set 
true is then located by means of the test indicator ; care 
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must then be taken that the jig is properly tightened 
on the face plate, and a last trial made with the 
indicator to make sure that the final tightening has not 
shifted it. The button can now be removed and the 
hole bored. This can be repeated until all holes are 
bored. There are cases where the buttons may come 
so close together that it is not possible to get the test 
indicator in between them. This has been provided for 
in the buttons made by Brown and Sharp, as shown in 



Fio. 14. Locating Jig in Fack Pi.atk ok Lathk 


Figs. 13 and 15, where it will be seen that one button is 
longer than the others. The object of this is that the 
longer button can be located first, as it affords a place 
where the indicator can make the test. 

There are cases where a jig may be of such a kind that 
it is not possible to fix it to the face plate of a lathe. In 
such cases the jig may be fixed to a milling machine, 
as shown in Fig. 15. In this instance a test indicator of a 
different kind is used. The rest of the process is exactly 
the same as if the work were being done in a lathe. The 
lathe method is much the better plan and is far quicker. 
The exact truth of the button can be more accurately 
ascertained in the lathe than in the milling machine. 

Spotting Drills and “ Dimples.” In some cases where 
extreme accuracy is required, spotting or cylinder 
drills are used to form what are sometimes known as 
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“ dimples,” Fig. 16. The object of such drills is to offer 
a better and more accurate bearing surface between the 
drill and its guide. Such drills consist of a plain 
cylindrical rod formed at the end only into the shape of 



Fig. 15 . Buttons and Test Indicator as Used in a Milling 
Machine for Locating the Holes in a Jig 


a drill, and only so far as to enable them to form a 
dimple, which if just a little more than the chamfer of 
the cutting point, affords a perfect guide for an ordinary 
drill. The greater accuracy of the work produced can 
be accounted for by the fact that the cylindrical portion 
of such drills affords a more accurate means of locating 
the hole than the two lands of the ordinary drill. 
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When this class of drill is used the bush should be 
removed whilst the ordinary drill is at work, to prevent 
undue wear on the bush, in cases where the work can 


be laid flat on a table, the work may be removed after 
dimpling, and laid flat on the table for the completion 
of the hole without, the jig. 

Box Jigs. Such articles as the frames of sewing 


machines, typewriters, etc., are 



usually dealt with in 
drilling operations by 
being placed inside a 
box jig, in which 
bushes are fitted to 
all parts where holes 
have to be drilled, in 
the work. The box 
jig is usually used in 
connection with a 
multi-spindled di'ill- 
ing machine, each 
spindle carrying a 
different size of drill. 
About six spind'es 
are usually found 


sufficient, as design- 


ers of such machines should take care that not more 


than six different sized drills are necessary. 

In the use of such jigs it is usual to provide some 
locating points on the casting to be operated upon. 
These often take the form of small projections which can 
be made to bear against projecting parts of the box jig, 
clamps, or set-screws holding the work in place witho\it 
distortion. In some cases the casting has some opera- 
tion done to it, such as planing or milling, before it is 
placed in the box jig. When this is done, the part 
previously operated on is usually employed for the 
purpose of locating the work in the box jig. 
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In cases where the articles are slender, and conse- 
quently difficult to hold securely without distortion, 
the plan is sometimes adopted of drilling the larger 


holes first, and inserting 
pins into them whilst a 
further hole is drilled, 
when a further pin can be 
inserted, thus preventing 
any movement of the work 
whilst it is being drilled, as 
unless a very secure hold 
can be relied upon drills 
are likely to cause move- 
ment of the work and to 
destroy accuracy. 

BORING HOLES THAT 
HAVE BEEN GORED 

To attempt' to make a 
jig that will bore holes to 
accurate positions that 
have been cored is not 
often done, as unless very 
special means are used a 
drill will follow the cored 
hole, no matter how well 
guided by a jig. Ordinary 
drills which have a cutting 
.point ground to an angle 
will follow any hole that 
may be present in the 



Fig. 17 . Arrangement of Jig 
FOR Boring Cored Hoi,es in 
A Drilling Machine 


work, perhaps not when they first enter, but as they 
go deeper down, the drill itself will bend sufficiently 
to destroy the truth necessary for even the roughest 
class of work. Experienced designers who recognize this 
fact will be seldom found to design a part where holes 



1048 


WORKSHOP PRACTICE 


that have been cored are to be jig drilled, so it is usual 
in designing to abandon the idea of coring holes that 
have to be accurately positioned. There are cases, 
however, where the bulk of the metal to be removed in 
very large holes is so great that coring is advisable^*. 
In such cases it is usual to make the drilling jig so that 
it embraces both sides of the work, affording a guide 
above the work and a guide below it for a pilot. In 



such cases it is usual to employ a flat cutter as shown 
in Fig. 17. 

There are cases where tool-makers are called upon to 
do impossibilities, owing to the want of shop knowledge 
by the designers in the drawing office, so shoxild a tool- 
maker be asked to make a jig for accurately determining 
holes that have been cored, it is best to point out the 
difficulty before starting on the job, otherwise the tool- 
maker may be blamed if the work produced by the jig 
is not accurate. 

USEFUL MAKESHIFTS IN GAUGE MAKING 

In shops that are not equipped for a high class of 
work, it wiU often be found that no gi’inding machines 
are included in the plant, therefore it is useful in such 
cases to know how accurate gauges can be made without 
grinding machines. 
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meAa'^ 


Ring Gauges. These can be made of either mild 
steel well ease-hardened or of carbon steel. They 
should be bored to a few thousandths less than the 
required diameter, then hardened, and placed in boiling 

water to relieve them of 

strains. After this they 
can be ground or lapped 
out to the required dia- 
meter by the following 
means. 

A piece of copper, 
soft brass, or aluminium 
should be held in a 
chuck and bored up for i 
some distance, then a 
tapering reamer should 
be introduced so that a 
taper pin can be tapped 
in to expand it when it 
has been slit, as shown 
in Fig. 18. The comers 
should be rounded off 
with a file so that the 
abrasive shall not be 
scraped off by sharp 
edges. A suitable abra- 
sive should then be 

sprinMed in the lap and ^ 

the ring gs^uge placed Cabrieb fob Lapping Purposes 
on it, and the taper pin 

lightly tapped in so as to expand the lap. Suds made 
from cutting compound or oil can be used during the 
lapping. 

Plug Gauges. These can be made by turning either 
carbon steel „or case-hardened mild steel to a few 
thousandths over the diameter required, then making a 
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ring of copper, soft brass, or aluminium of such a size 
that it will just pass over the plug. This should be split 
as shown in Pig. 19, and placed within a carrier, and by 
gradually compressing it a lapping action will remove 
all irregularities and make a fairly accurate plug gauge. 



Fig, 20 . Gbindinq thj2 Jaws oi-’ a Snap Gaitcjk 

Snap and Limit Ganges. Where no grinding machines 
are installed, these can be made with tolerable accuracy 
in the following manner. The gauge having been forged 
or cut out of plate carbon steel, or mild steel case- 
hardened, should be placed in boiling water to relieve 
strains. 



JIGS AND TOOLS 


1061 


An emery wheel mounted on a spindle in a lathe 
should have its sides turned away with a trimmer 
until merely a thin ridge is left on both sides, as shown 
in Fig. 20. The gauge should be held in the slide rest 
and brought in contact with the wheel. The slide rest 
should be wound in and out so that the wheel passes 
over the part being ground rapidly, taking only very 


little off at a time. The 
gauge should be kept 
cool during the grinding. 
Several gauges can be 
ground at the same time 
if placed one on the top of 
the other. 

Gauges for making these 
snap gauges can be easily 
made in the form of cheese- 
shaped discs. In the case 
of limit gauges of the “ go 
and not go ” type, the two 
diameters can be made by 
forming the cheese to the 



size of the larger diameter, 
then filing a flat to give the 
diameter of the smaller 


JFig, 21 . GBiNBrNG Ends of 
Spindle Gauge 


dimension. By these sim- 
ple means gauges can be made that are quite good 
enough for all but the most accurate work. 


MAKING TEMPLETS 

The making of accurate templets is sometimes a 
tedious job, but there are many ways in which the 
work may be made easier. In templets which are 
marked off with scribed lines, to which the contour has 
to be filed, it is best first to file or grind the surfaces on 
both sides perfectly flat and free from all scale. A 
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solution of sulphate of copper (bluestone) with a few 
drops of sulphuric acid added, can be used to give a 
thin coating of copper to the surface to be scribed. A 
lump of bluestone rubbed over the surface with a few 
drops of water, will have the same effect. This method 
makes the scribed lines much plainer and more easy to 
follow. One or all the edges should be perfectly square, 



so that a set-square or bevel can be used for lines that 
are to be made with the scriber. Having marked out 
all lines, a great deal of time can be saved by holding 
the templet in a strong hand vice as shown in Eig. 22, 
set at an angle of about 30 degrees with the larger 
vice jaws. The unwanted metal can then be filed away 
until the lines are approached. The file can then be 
tilted until the lines are more nearly approached, and 
eventually the angle of the hand vice in the larger vice 
can be reduced until the work can eventually be hold 
upright in the large vice and the templet finished off 
with an edge that is at right angles with the face. 

With this method there is less likelihood of filing past 
the scribed lines than when the templet is held upright 
throughout the filing operation. 

Making a Templet to Fit Another, or to Fit a Piece of 
Work. Where a templet has to bo made to fit another 
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templet, it is usual to lie the existing plate over the 
piece of steel that is to form the new plate, and to 
scribe the contour. 

The method just described can then be followed, but 
the use of the contrivance known as the “ Dixie-box,” 
described elsewhere, will be found very useful. Should 
this not be available a piece of plate glass can be used 



Fig. 23. Templets with Circular Recesses 


to hold the' two pieces in the same plane whilst 
exa min ing them as they are held up to the light. 

Where templets have recesses which form part /of 
circles, as shown in Fig. 23, it is quickest to chuck them 
on the face plate of a lathe, setting the centre point by 
the indicator shown on page 1045. The recess can be 
bored away to fit a disc previously made for the purpose. 

Where a projection has to be formed which forms part 
of a circle, a disc can be made of steel which can be 
either hardened or case-hardened, and clamped against 
the templet so as to form a guide for the filing. Straight 
parts can be filed with ease if a piece of case-hardened 
steel is clamped against the work. Hollows or pro- 
jections which form parts of ovals can be easily formed 
by cutting from a rod a slice at an angle, and clamping 
it against the work, as shown in Fig. 24, whilst filing, the 
oval disc can be reversed so that the form can be 
entirely produced by filing to the hardened guide. 
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The oval can be easily determined by procuring a 
rod the diameter of which is that of the minor axis of ' 
the oval required. The rod can then be exit off at such 

Minor I 


Fig. 24. Oval. Tiampliiits madt: ergm Bar 

an angle that the face left is equal to the desired major 
axis. 

When making a templet to fit a piece of turned work, 
such as that shown in Fig. 25, the easiest and quickest 
way is to cut the article in half, that is to say, to leave 


Fig. 25 . MAiaNO Templet ekom Turneg Specimen 

a complete half, as shown in Fig. 25, this can be used to 
scribe a templet from, and can afterwards be used in 
the “ Dixie-box ” or the piece of plate glass. 

In cases where acute angles have to be filed out, such 
as that shown in Fig. 26, a square file can be ground away 
to fit a bevel, a piece of hardened steel can then be 
clamped to the templet being made, and the ground 
part of the file laid against it as a guide. By this means 
an acute “ V ” can be formed with great accuracy and 
ease. 
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HARDENING AND TEMPERING 

Nothing is more annoying to a tool-maker, who has 
spent hours on making some article, than to see it 
fail in use ; a die may crack or it may crumble at its 
edges when in use ; a tap may break as soon as strain is 
brought to bear on it. Such happenings do not improve 
one’s chance of promotion. The writer has known tool- 
makers who were reliable in every way, excepting in 



hardening. In some cases it may be due to an obstinate 
disregard for the precaution of shading the object from 
a bright light whilst heating it, or it may be due to some 
form of colour blindness which prevented them from 
judging the colour. In hardening tool steels, there is 
no harm done if one under-estimates the heat at which 
it will harden, so it is best always to be on the safe side ; 
try it at a low heat first, if it does not harden, try again 
at a very slightly greater heat. 

With regard to quenching, there are two views on the 
subject; some prefer to quench in oil, whilst others 
prefer water. To quench an article of any size in oil, it 
is necessary to raise the heat far above that at which it 
will harden in water. It is true that oil is less liable to 
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set up cracks, but other troubles may arise through the 
higher temperature to which the article has to be raised. 
For general work the writer prefers water in which 
salt has been dissolved, as used by file-makers. In some 
cases the water may be slightly warmed for some 
brands of steels, but where this is necessary, it wiU 
usually be found referred to in the instructions given 
by the makers of the steel. Great care should be taken 
that no vessel that contains traces of soap should be 
used, such as a pail that has been used for washing 
hands, as soap is fatal to the sudden chilling necessary 
for the hardening of steel. Strong soapy water can be 
used with safety to cool out parts that are not required 
to be hardened. Should a number of articles be required 
to be hardened one after the other, the water in which 
they are dipped will begin to rise in temperature, so a 
wise plan is to use a metal vessel and to stand it in a 
larger vessel in which a stream of cold water is allowed 
to flow. It is quite wrong to imagine that steel can be 
heated to a high temperature, then by allowing it to 
cool down to a reasonable low temperature it can be 
quenched with safety. 

All tools should be quenched at a rising temperature, 
[not at a falling one. One of the safest fluids in which to 
quench articles that are likely to crack owing to their 
having very* thin and thick parts, is commercial 
sulphuric acid, the writer having seen results produced 
with this used for quenching that could not be equalled 
by any other means. It is, however, a very dangerous 
fluid to have about a workshop. It should be kept in a 
lead-lined iron vessel, which should be strapped to a 
wall to prevent it from being knocked over. On no 
account should an earthenware vessel be used, as if 
broken the acid will escape. A lid with a padlock should 
be provided, and only a responsible man should keep 
the key. Above all, those who dip articles in it should 
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be made to wear goggles, as should any article slip from 
his tongs and cause a splash acid may enter his eyes, 
the loss of sight being the sure result. The use of sul- 
phuric acid is not general practice. If oil is used, whale 
oil is probably the best for all round use. Fish oil or 
even cotton seed oil can be .used. As no definite rule 
can be given which applies equally well to all grades of 
steels, the above directions must be taken as general 
rules applying to most brands of carbon steels, but one 
of the best methods of determining the treatment most 
suitable is to procure all tool steels from some firm of 
repute, such as Edgar Allen & Co., Ltd., or Thomas 
Firth & Sons, Ltd., of Shejffield, and to foUow the 
instructions issued by them relating to the hardening 
of the special brands used for the various purposes of 
tool-making. 

The following piece of information must not be 
regarded as standard practice, as it is not generally 
known, the writer having struck it by a pure accident. 
In the hardening of very small milling cutters, such as 
those used for clockwork gears for instrument work, 
warping is a serious matter, as it will have the effect 
of making the tooth gap made by the cutter too wide, 
and the teeth too thin. The writer found that by filhng 
the lid of a tin box with little more oil than will cover 
the cutter and quenching the cutter in this, that the 
edges of the cutting teeth became hardened, the oil by 
then becoming so hot that it had no hardening effect 
on the body of the cutter, which was left soft and did 
not warp. By filling a tube with just sufficient water 
or oil to harden the outer surface of a tap, the centre 
core can be left in a semi-hardened condition. 

To emphasize the points mentioned, we repeat never 
overheat carbon steels, either for working or hardening. 

There is no secret or magic in carrying out any of the 
following processes in connection with the steels used 

68— (5515) 
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for tool-making: annealing, working, hardening, and 
tempering. Some mechanics will profess to have 
acquired special knacks, or to have inspired knowledge 
which enables them to do things which others cannot 
do ; this, however, is all nonsense ; there is only one 
rule, and that must be observed, it is never to heat tool 
steels beyond a cherry red or 780° - 800° (1430°-- 

1472° F.). 

In large shops the modern plan is to use special 
furnaces for the above operations, but in a groat nunxber 
of shops the tool-maker has to do the best he can Avith 
an ordinary forge or a gas blowpipe, and if he knows 
what to do he can produce very good results. The 
annealing of tool steels is not so important now as it 
was in the past, as most of the makers of such steels 
will supply it in a far better annealed state tlvan is 
possible to produce with any ordinary equipment. All 
tool steels should be ordered “ annealed,” and the 
writer can see no need for bars of steel being delivered 
in an unannealed state, as it only means waste of time 
and money. Care should be taken when using annealed 
steels to allow at least in. to be machined off the part, 
as the outer skin of well-annealed steels is often found 
to have been robbed of much of its carbon content. 

If annealing has to be done, however, it should bo 
understood that there is no secret or magic about it, it 
is merely a process of heating and allowing the steel’ to 
cool very gradually, the more gradual the cooling, the 
softer the steel. 

If a forge is used, it is best to do any annealing at 
night, by making up a good fire and placing the work 
in the centre, taking care not to blow the fire up after 
placing the work in it. By this means the work will 
never be raised above a safe heat. When the work is 
hot, the fire should then be closed over it and loft until 
the morning. Where this is not possible, as a, forge 
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may be wanted for other purposes, several shoveKuls 
of hot fire should be placed in an iron box with a layer 
of ash under it. The work should then be made just 
red hot, placed on the fire in the box, covered with 
more fire from the forge, and also with more ash. 
This will make a fire that will take some hours to 
die down. 

When forging tool steels, the only things to guard 
against are making it too hot and forging it when too 
cold ; there is nothing else in it. When heating tool 
steels for forging, annealing, or hardening, in a forge 
or with a blowpipe, it is essential that the place where 
the heating is carried out should be very dark, as it is 
impossible to judge the heat if a bright light is present, 
and entirely out of the question in bright sunlight. If 
there are windows near the forge, shields should be 
placed against the window to keep the daylight away. 
Some mechanics will ignore this precaution, or dispute 
it. The result of this the writer has seen, viz., that a 
fairly large proportion of the work they produce fails 
when put into operation. The usual thing then is to 
blame the steel. 

Overheating is just as injurious when anneahng as 
when hardening, although many do not realize this ; 
steel once overheated is ruined for tool-making for ever. 
All the evils such as short life, warping, developing 
cracks, and breaking under strain can be attributed to 
overheating at some period. 

THE MAKING AND USE OF FORM TOOLS 

The form tool is one that imparts a special form to 
the work, an example of which is shown in Fig. 27, where 
a piece of work is being produced which has in one part 
a groove, a projecting ridge on the tool forming the 
same. Form tools are made in two Idnds, the straight, 
as shown in Fig. 27, and the disc tool, as shown in Fig. 29. 
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Por heavy work the straight kind is mostly used as it 
can be held more firmly in the rest, whilst the disc tool 
is more difficult to support rigidly, as its use often 
necessitates a considerable amount of overhang, which 
causes chattering. In turret lathes, a form tool is 
usually placed in the back rest, as tools held in that way 



{Alfred Herbert it’ 

Fig. 27. A Fohm TooTj and its IIoi.dkr 

are more free from vibration and consequent chattering. 
For forming such simple articles as that shown in Fig. 28 
they are more suitable than the use of box tools, pro- 
viding that the article to be produced is not of any 
great length. When long work is to be produced, a form 
tool is likely to cause the work to ride up on the tool 
as the cutting edge is a long one. 

YJi To make a form tool to produce any particular con- 
tour, would appear to be a simple job, })ut in reality it 
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is not so. Taking the case of Fig. 30, the dijfference in 
the diameters is J in. on the contour, so it would appear 
that if a tool were made as shown in Fig. 31 where one 
step is i in. lower than the other, the correct contour of 


work would he produced. 
This, however, is not the 
case, as the cutting end of 
a tool has to be cut at some 
angle which is less than 
90 degrees, otherwise there 
would be no front clearance, 
or the cutting surface, which 
we will for clearness refer 
to as the “ top,” would 
have a negative rake, which 
is well known would not 



Fio. 28. A Job WHICH can 'be 
Execuied by a Straight 
Pattern Form Tool 


allow the chip to be out properly. The angle of clear- 
ance, or what we will refer to as “ front rake,” in form 



Fig. 29, Disc Type Form Tool 


tools depends on the material being worked on and the 
nature of the contour. Brass or all yellow or soft metals 
require a greater angle of front rake than the harder 
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Fig’. 30. Job with Dk3qp Smoim.dkk 




Fig, 31. Form Tool, kor abovk .Ion 



Fig. 32. Tool with Con- 
tours HAVING NO Acute 
Angles 



Fig. 33, Tool with 
Acute Angle Con- 
tours 


Fig. 34. Showing How a Tool 
MAY BE Inclined to One Side 
TO Prevent Hinotnc; 




Fig. 3,5. Si'ectaij Tyvv: ok 
Form Tool 
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metals such as cast iron or steel. Contours such as that 


shown in Fig. 32, where the curves or angles do not form 


acute angles with 
the axis of the 
work, may have a 
slight angle of 
front rake, as they 
easily clear them- 
selves of the work, 
but tools of the 
form shown in 
Fig. 33, where the 
angles and curves 
are at 90 degrees 
with the axis, or 
where curves ap- 



Fia. 36. Showing Rblie]? Clbahance 
Given Tool when the Job has 
Shouldbks 


pi’oach that angle, 

should have a much greater angle of front rake, other- 
wise there will be considerable binding and dragging of 
the work against the sides of the tool. 



Figs. 37 and 38. Incobrect and Coebect Setting of 
Form Tools 


In a form tool in which all steps are in the same 
direction, as in Fig. 30, better work can always be pro- 
duced if the tool is given a slight inclination to one side, 
as shown in Fig. 34, as it relieves the tool from all 
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dragging at the sides. Such an article as that shown in 
Pig. 36 may be produced by a form tool, but if the 
shoulders are of considerable depth, dragging at the 
sides will become troublesome after a comparatively 
few articles have been produced: 

Some tool-makers contend that if the tool is given 
clearance, as shown at A, there will be no dragging. 

This, however, is not correct, as 

pvj such clearance will only relieve 

— -'■ * the work from dragging at the 
part where the actual cutting 
takes place, Foini tools can be 
made as shown in l^ig. 35, which 
I is a front view of the tool, but 

I I such tools are of little use, except- 

ing for the produc- 
h- tion of very small 

I I "V 7 7 articles, 

}\ L / as so soon as they 

j / are ground on the 

j f^o j top, or cutting face, 

I between 

! the two cutting cor- 

Fm. 39 . Showing THE Ejtpeot of ners becomes wider. 
Front Bake j , i . 

and the correct con- 
tour is lost. Where articles such as that shown in 
Fig. 30, with considerable differences in diameter and 


consequently deep shoulders, have to be produced, it is 
best to form one of the reduced parts by a box tool, and 
to form the other by means of a form tool. In the use of 
form tools that are fed towards the work, it must be 
borne in mind that the top of the cutting face must 
always be radial and on a plane with the axis of the 
work. Fig. 37 shows tools that are wrongly set, whilst 
Fig. 38 shows tools as they must be set to work properly 
and to produce a formed article. 
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Realizing that the plane of the top face must he radial 
and on a plane with the axis, and that front rake is 
necessary, it will he apparent to any thinking person 
that if a straight form tool is made so that the article 
to he produced wiU lie on it without showing any gaps, 
that when the top of the tool is ground away at an angle 
of even 10 degrees to give the necessary front rake, the 

work produced hy such 

a tool will not he 

exactly hke the sample ^ 

that would lie on the 

tool without showing 

any gaps. To make this ^ ^ 

point perfectly clear, ( ( 

we will take an exag- "vl!/ , \ 

gerated ease of suppos- \ y 

ing that a form tool A 

were made with a step \ 

1 in. deep, then ground 
to an angle of 70 
degrees for front rake. 

mr. 1 j 11 Fig. 40. Disc Tool Gashb» on 

The work produced hy ^ Radial Line 

such a tool would 

he 1-^-in. deep in the step instead of the required 
1 in., as shown in Fig. 39. The same thing applies 
to disc tools, which will not work if gashed in a 
radial line, as shown in the illustration, Fig. 40, 
hut must he gashed at a tangent, as shown in Fig. 40a. 
Fig. 41 is an exaggerated case of a disc tool, the step 
of which is 1 in. from one diameter to another, if 
measured in a radial line, hut if gashed on a line as 
shown, the difference between the diameters it would 


produce would he 1-^ in. instead of the required 1 in. 
This point needs stressing, as it is one of the pitfalls 
into which an inexperienced tool-maker may easily fall. 
Having realized this fact, the next thing is to see how 
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such tools can be made with ease and certainty and 
without complicated calculations. 

The fact that many do not realize this point may be • 
accounted for by the fact that many small articles 
which are made by means of form tools, having only 
slight differences between the diameters produced, so 
slight that the difference in the form of the tool and in 
the contour of the work may be hardly perceptible, as 
the greater the differences in diameters the more 
apparent the discrepancy ; this is the reason for the 
above exaggerated instances being chosen. 

There are several methods of making such tools, all of 
which it is proposed to show, so that a tool-maker can 
chose the one he thinks most suited to the particular 
job he has in hand. 

In comphcated forms it is best to turn an article to 
the exact dimensions, curves, and angles required. 
This model can then have half its bulk removed in a 
central line. From this a templet for checking the 
contour can easily be made by following the directions 
given on page 1062 in the section dealing with templets. 
To make a straight form tool from this half-section it is 
necessary to determine the angle at which it will be 
ground to form its top, or cutting face. We will suppose, 
for instance, that this angle is decided to be 76 degrees. 
When this is settled, the angle must always remain 
constant, otherwise the contour of the work will vary. 
To make a straight form tool from this half section, 
two supporting pieces, as shown in Fig. 42, should be 
made, the angle of which should be 76 degrees ; the 
half-section having been fixed to these, the tool can then 
be produced by means of a shaping machine. The 
formation of square shoulders is comparatively simple, 
and curves and hollows represent a more difficult matter, 
but these can be made easier by using spring gauge tools. 
A certain amount of finishing by filing can be done, but 
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it is best to avoid this as far as possible. The half- 
section kept at an angle should be used all through the 
operation. 

In the of disc tools, the same plan can be 

adopted by turning the disc to approximately the right 
form, then mounting it on a mandrel of a known 
diameter, and fixing to the half-section two arms which 



Fig. 42 . Determining the Shape op a Form Tool pou a 
Job having a Complicated Shape 

can lie on the mandrel in such a manner that the 
templet will lie at the tangent at which it is intended 
to form the gash, as in Fig. 43. By the use of hand 
tools the disc can be easily turned to fit the templet 
with accuracy. No exact diameter of the disc tool need 
be preserved, so the turning to fit the templet is not a 
difficult matter. In some cases such tools are ground 
after turning to prevent errors through warping ; in 
tools with curves in their contour, this is a very difficult 
matter, entailing the turning of abrasive wheels to the 
required curves, which in most cases is quite an unneces- 
sary operation, as with well-selected steel for the pur- 
pose, warping can be reduced to a minimum. When 
once the tangent at which the gash is to be formed is 
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settled, this should be kept constant throughout the 
Life of the tool, as any deviation will result in a departure 
from the original contour. 

Another method by which both straight and disc 
tools can be made is to turn a sample article to exactly 



Fig, 43. Making a Disc Tool 



Fig. 44. Another. Method oe Making Disc and 
Form Tools 
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the dimenpions and form required from carbon steel, 
then to make a cut right through the centre, leaving 
a complete half. This hah can then have part cut away 
until it is of a form that can be clamped, as shown 
in Fig. 44:. By filing away to give the necessary clear- 
ance, just leaving the extreme edge and hardening it to 
act as a gauge tool, the sample can be used as a finishing 



Fig. 45 . Using a Tool in a Shapkb E’OR 
Producing a Straight Form Tool 


gauge tool to produce a disc tool. It should be held in a 
holder, and set just so far below the centre of the lathe 
as the gash is to be from the centre. 

The writer has found this method to be the simplest 
and always to ensure the correct contour of the articles 
eventually produced. This type of tool can be used in 
a shaper for producing straight form tools as shown in 
Fig. 45. In disc tools, it is best to form the gash by 
grinding after hardening, otherwise warping is sure to 
take place. It is necessary, if either of these methods 
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are employed, to be sure that the top of the straight 
tool and the angle at which the sample piece is held, 
should agree, also that the tangent at which the sample 
or the gauge tool is held in the forming of a disc tool 
should be the same tangent as that of the gash. 

QXnCK JIO-MAKING 

There are cases where a jig may be wanted for a 
short run of articles which may never be required again, 
and where exact dimensions are not of the greatest 
importance, so long as all the articles 
produced are alike. In such cases it is 
often possible to drill one of the articles, 
and to make the jig from this. 

This plan is sometimes a wise measure 
when dealing with malleable castings, 
the shrinkage of which is not easy to small 

calculate. Levers with bosses at the Nut tor which 

ends may shrink more or less than 

... , ... Readily Made 

anticipated. In such a case it is some- 
times wise to wait until a first delivery from the 
malleable foundry is made, and to make the jig to 
suit the casting. There are also times when a jig may 
be wanted for a rush job, so it is as well to know how 
such cases can be met. 

In small articles such as that shown in Fig. 46, which 
is a nut which requires holes for a forked screwdriver, 
the recess for it to register by can be bored out, then one 
of the articles can be drilled, and if found correct, can 
be used to drill the holes in the jig. Should the article 
used in this way not come out correct, it is often 
quicker to try again and again until one comes out right, 
than to mark off and drill the actual jig. In very small 
work the bushes can be left out, the jig itself being made 
of hardened steel. 
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Where such a jig is likely to have a lot of work and 
be in use for a long time, it is wise to make a master 
jig, which can be used to make new ones as others wear 
out. 


MAKING ntREGGLAB HOLES 

In the making of irregular holes it is sometimes 
necessary to drill a number of holes in close proximity 





Fio. 47 . Easily Made Tool eou Citttxng Holes 
INTO One Anotftee 


to each other and to break them one into the other. 
To do this with a chisel is no easy matter, but if the 
simple tool shown in Fig. 47 is made, such holes can be 
cut into each other with ease. This is a piece of carbon 
steel with a groove miUed along one side, into which is 
inserted a blade of carbon steel, just projecting suffici- 
ently to break away the metal separating the holes. 
The longer the slope of the blade the less power it takes 
to drive the tool through the holes. 

The tool can be used in a press, or if this is not avail- 
able, it can be driven through with a hammer. In small 
holes it is best to make the blade solid with its body. 
All parts must of course be hardened and tempered 
to a low temper. 
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TOOLS FOR BORING TAPER HOLES 

When any article is required which is to have a taper 
hole, it is not wise to attempt to bore a parallel hole out 
to a taper with the usual taper reamer. The reason for 
this is that, as the reamer gets fairly well into its work, 
the chips become of great length, such chips ofEering 



Fig. 48 . Roughing (above) and Finishing (below) Taper 

Reamers 


great resistance to cutting. The usual plan is to use a 
cutter, as shown in Fig. 48, where steps are formed, each 
step cutting only on its end. This tool is inserted until 
it only leaves just a finishing cut to be taken out by the 
reamer with teeth along its whole length. 

As the making of such reamers requires the machinery 
only found in the most fully equipped tool rooms, it 
is always best to purchase them, as those who make a 
speciality of the production of such articles can always 
give better satisfaction and produce such articles at a 
lower cost than is possible in the usually equipped tool 
room. 


BORING BARS 

The type of boring bar shown in Fig. 49 is not of 
ordinary construction, but having such outstanding 
69— (5515) 
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advantages over the usual type, it is given here as a 
distinct advance over standard practice. Usually such 
bars that are made to hold a single cutter, have the hole 
for the reception of the cutter made at right angles to 

the axis of the bar. This 
renders it impossible to 
measure the amount the 
cutter projects from the 
bar, unless a special gauge, 
which is not always avail- 
able, is used. 

The simple method of con- 
struction shown here en- 
ables a micrometer to be 
used for measuring the pro- 
jection of the cutter from 
the bar, so that provided the 
\ bar is of a standard dia- 

O meter, the diameter of the 

hole to be bored can be 
\ relied upon with certainty. 

r internal chasers 

Internal chasers for use 

Fig. 49. Bobing Bab that in the slide rests of turret 
CAN BE Set by Means oe i^nd other lathes are usually 

■made, but not always, by 
turning a shank with a projecting part which is 
threaded to the desired pitch and gashed away as 
shown. The gash should be as shown in Fig. 40, in the 
section dealing with disc form tools, as if made on a 
radial line it will be found that such chasers will not 
possess sufficient front rake to allow the necessary 
clearance. 

For use in large holes the cutting part can be made 
separately from the shank. 
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SECTION XXI 

TURRET AND AUTOMATIC 
LATHES 

TURRET LA.THES 

The turret lathe has undergone many changes since its 
first introduction. In its first form it was known as a 
“ Capstan ” lathe, with a round capstan with holes 
bored in to receive the stems of the various tool holders. 
The word capstan is still used by some to distinguish 
the smaller types from the larger ones. The small 
round capstan was followed by the Hartness, or Jones 
& Lamson Tlat Turret, a modification of which resulted 
in the adoption of a hexagon turret in which the tool 
holders are bolted to the flats of the turret instead of 
their stems being held in holes, thus increasing their 
stability. 

As the hexagon type has now become almost univer- 
sal, it is proposed in this work to concentrate upon this 
class of turret lathe. 

Turret lathes may be broadly divided into two 
classes, those that are intended to work from bar 
materials principally, and those that are designed for 
workiQg mainly on forgings and castings. The former 
type are usually known as bar turrets, whilst the latter 
are known as chucking turrets. The chucking tiurret 
may be used on bar work with advantage, but although 
the bar machine can be used for smaller classes of 
forgings and castings, it is not suited for larger work, as 
it usually has not the wide range of speeds necessary 
for larger work. 

One of the features which usually distinguishes the 

1077 
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bar machine from the chucking type is that in the 
former the work is gripped by collets either of the draw- 
in or push-out type, which are actuated by means of a 
cone or lever action, as shown in Pig. 1, whilst the 
chucking type of machine is fitted with a chuck which 
can be used for gripping any ordinary class of round 
work, and can also be used to hold bars when needed. 

Special jaws or “fixtures ” may 
be used when holding work that 
cannot be conveniently gripped 
by the usual jaws provided 
with the chuck. The chucking 
type is usually provided with 

Fig. 1. Split Collet fob Hiore elaborate slide rest 
Holding Babs arrangement, often holding four 

tools in front, that can be each 
brought into action as required, and with provision for 
a single tool at the far side of the work, as shown in 
Pig. 2. 

A very small class of turret or capstan, which is 
especially designed for screw-making, can hardly be 
classed as a turret lathe, so will not be dealt with in this 
work. 

Having now outlined the various classes of lathe that 
can be considered to come under the class of turret 



lathes, the writer wishes to give a warning to youths 
entering engineering works who wish to make a career 
for themselves. 

** Robots.’’ To learn the working of a turret lathe is 
a necessity for those who aspire to hold a position as 
tool-maker, charge hand, foreman, works superin- 
tendent or manager, but it should be borne in mind that 
the working of a turret lathe is not a tradesman’s 
work ; it is considered the work of a partly-skilled man. 
Those who never get beyond the turret operator are 
sometimes called “ Robots,” being merely hximan 
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machines. It is, therefore, not wise for the ambitious 
youth to dwell too long at this class of work. 

The tool-setting and management of turrets is 
usually a highly-paid and responsible position. There- 
fore those who wish to hold some better position 
should, whilst operating a turret lathe, pay particular 
attention to what is being done by the tool -setter and 



Fig. 2. Chucking Type Turret Lathe 


try to follow him in his operations, and thereby gain 
some really useful information that may be of valu- 
able assistance later on. 

TOOL-SETTING AND THE LAY-OUT OF TURRET 

WORK 

The lay-out of the necessary tools and the operations 
to be performed on any piece of work in establishments 
where tool and jig draughtsmen are employed, is 
usually carried out in the drawing office, but in smaller 
shops a person in charge of the turrets may be called 
upon to make his own lay-out. In any case, it is as 
well for those in charge to know how to lay out the 
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work. In bar work, the operations are usually of a 
simple character, but certain rules must be borne in 
mind. The harder operations, such as the removal of 
a large amount of metal, should be done first, as there is 
always the possibility of the work being disturbed to 
an extent by such operations, so the more accurate 
work should follow’ the rougher. 

The setting-up and lay-out for bar and chucking 
machines being so different, they will be dealt with 
separately. 


THE BAR MACHINE 

The bar machine, being the simpler of the two, it is 
proposed to deal with that first. 

Feeding the Bars. In the smaller types of turret or 
capstan machines, the bar is fed forward after each 
article has been formed by means of a “ wire feed,” 
which consists of a cord passing over a pulley and with 
a weight at the end. As each article is parted off and the 
chuck opened, the wire (as the smaller types of bar 
materials are called) will automatically be brought 
forward against the stop provided in the turret to 
determine the length the bar should project from the 
chuck. 

In the heavier machines this arrangement is not 
possible, as the weight of a heavy bar being brought to 
rest by a stop would cause a hammer blow. There are 
several means employed for feeding the bar, one of the 
most generally used being that shown in Fig. 3, where a 
sleeve is made with a ring at one end to take a yoke, 
whilst the other end is split up so that it can be con- 
tracted to set up sufficient friction to enable it to move 
the bar when it is brought forward, by means of a lever, 
whilst the chuck is open. The chuck is then closed, and 
the collar moved backwards to a position suitable for 
bringing it forward when the chuck opens again ; the 
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distance it travels is that required for each article to 
be produced. 

When heavy bars are being operated upon it is usual 
to employ a “ back-end chuck,” which can be set so 
that the heavy bar will just slide through it. The 
object of this support is to relieve the jaws of the chuck 



Fig. 3. Example of Feeding Finger 

This grips the bar by slight friction, so it can slide on the bar while 
chuck is closed, but can feed the bar forward while the chuck is open 



Fig. 4. Popular Type of Chuck for Production 
Work on Small Lathes 


from the strain of the overhanging bar. As the mandrels 
of machines used for heavy bars are usually of consider- 
able length, there comes a time when the bar becomes 
so short that it receives no support from the back-end 
chuck. There are two ways in which this difficulty can 
be dealt with. In work that is not to be produced in 
very large numbers, a collar may be made to fit the bar 
and a sliding fit in the bore of the mandrel and fitted 
with a grubscrew. 

The jaws of the back-end chiick can be opened to 
allow the collar to be placed on the bar when it gets so 
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short that it is not held by the back-end chuck. Another 
way more suitable to large output is to make a sleeve 
to fit the bar and to fit inside the mandrel for its whole 
length. 

Chucks. Bars can be held in ordinary universal 
chucks, but for production work these are never used, 
as they entail the stopping of the lathe to release the 
bar. A common form of chuck used on the cheaper 



Fig. 5. A More Expensive Form or Chuok 


and smaller types is that shown in Pig. 4, where a 
collet is forced into a cone ; the collet, being split, 
contracts on to the bar, and so holds it whilst it is 
being operated upon. This type is by no means the 
best form, so care must be taken to avoid trouble that 
may occur when there is the least difference in the 
diameter of the bar. A bar that is under size will 
allow the jaws to pass through the cone for an appreci- 
able distance before they grip, whilst a bar that is 
slightly over size or with dirt clinging to it will cause the 
jaws to grip sooner on the bar. The result of this varia- 
tion will be that the amount the bar projects from the 
chuck cannot be relied upon for accuracy ; consequently, 
when this form of chuck is used, it is common practice 
to shave the end of the bar each time it is projected 
from the chuck. 
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A better type of chuck is that shown in Fig. 6, in 
which the amount the bar projects can be relied upon 
for accuracy. In this type the split collet A does not 
move endwise, but butts against a stop collar, a female 
cone B being slid over it to cause it to contract on to the 
work. There are many types, but the above description 
fairly covers the ground. The sliding movement of the 
coUar JD, Fig. 6, contracts the levers, thus forcing a 



Fig. 6. Stepped Cone 


sleeve along the mandrel to cause the contraction of the 
chuck. It will be seen in Fig. 5 that the long ends of the 
levers O are intentionally made somewhat slender, the 
object of this being that they can slightly spring to 
permit of bars with a slight error in diameter being 
gripped. 

In some instances what is known as a “ stepped 
cone ” is used, as shown in Fig. 0, the object being to 
provide a cone that will accommodate itself to bars 
with a slightly larger amoxint of error than usual, or 
to provide for any other inaccuracy, each step forming 
a cone and a parallel part for the levers to lie on, as 
the levers cannot be relied upon to hold the work 
they have reached the parallel part which follows the 
conical part. 
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Opiating Methods. As an example, a common object 
is shown in Fig. 7, which has a head (usually left from 
the bar), a body, and a screwed part. If the article is 
short, that is to say, not so long that it would require 

the support of a steady, it 
would under ordinary cir- 
cumstances bo formed by a 
tool made to the shape and 
held up-side-down in the 
back rest. This tool would 
be brought in by means of 
the cross slide until the stop 
which determines the dia- 
meter is reached, when it 
would be wound away from the work and the die run 
up, the die opening automatically when it reaches the 
shoulder. The cross slide, which holds a parting-off tool 



Fig. 7. Simple Object pob 
FOEiaNG 




Fig. 8. Simple (left) Double (RioirT) Box Tooi^i 


as well as the formed tool, but opposed to it, can then 
be operated to part-off the article from its stock. 

The turret is then brought round so that the stop, 
which determines the length the bar should project 
from the chuck, is opposite the end of the bar, the 
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chuck is opened and the bar brought forward, and all 
is ready for the production of the next article. 

In cases where the body of the article shown in Fig. 
7 is required to be to closer limits than in the commoner 
classes of work, a box tool, as shown in Fig. 8, would 
be used to shave the body to more accurate dimensions. 
Should the article be so long that a formed tool would 
cause chattering and produce inferior work, the bar 
may be first slightly tapered 
at its point by means of the 
tool shown in Fig. 9, then a 
large box tool used to form 
the body ; this may be 
followed by a second box 
tool taking its bearing from 
the work done by the first, 
or two sets of tools may be 
arranged in the same box as fig. 9. Chamiteeing Tool 
in Fig. 8. The use of the 

formed tool is, however, quicker and always used 
wherever possible. Examples of formed tools are shown 
in Figs. 27, 29, “ Jigs and Tools.” 

Parting-off and Forming Heads. There are cases 
where the head of an article has to have some shape 
imparted to it other than the flat left by an ordinary 
parting tool. In screw-making it is common to have 
to form round heads in the operation of parting-off. 
Such formations are usually done in two stages. It is 
obvious that if the parting tool had a form on its side 
that would produce the round head in one operation, 
there would be considerable load on the tool as it nears 
the centre of the work, so, as the pip which holds it to 
the stock would be very small, the screw would break 
off before half the head had been formed. Fig. 10 
shows the arrangement of parting tools in such cases, 
one having done its work and having receded whilst the 
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other is advancing to finish off the work. Pigs. 1 1 and 12 
show other examples of work where various shapes 
of head are produced in the parting-off operation. In 
producing an ordinary screw, such as that shown in 
Fig. 7, it is usual to form the necessary chamfer on the 
screwed part by means of two paiiring tools (see Fig. 11). 




Knurling. This operation used to be performed by 
pressing the knurl towards the work, but the plan could 
never be relied upon to produce a perfect knurl. In 
the first place, unless the article was of a short and stiff 
character, it was not able to bear the pressure necessary 
to produce a clean and fully developed knurl. 

The modem method is to pass the work between two 
knurls adjusted to a pre-arranged distance apart, the 
distance being slightly less than the diameter of the 




Figs. 11 and 12. Exajipuss oi" Work when Various Shapes of Head are 

Produced in pARTiNG-orp 
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work before knurling, thereby producing a balance of 
pressure which does not distress the work. The knurls 
can be adjusted to any angle (see Fig. 13). 

Screwing and Tapping. In such work as that usually 
done in bar machines, external threading is generally 
carried out by means of a self -opening die, the die once 
started, travels up the work until the desired point is 
reached, when an automatic arrangement, sometimes 



Fig. 13 . Knurmnu Tool 


operated by the end of the work, causes the die to fly 
open. In smaller work the self -opening die is not 
always used, so the sohd, or button die takes its place. 
In this case the die is held in a holder which, when it 
reaches the point where the thread is to terminate, 
becomes detached and revolves with the work. The 
mandrel is then reversed and the die screwed off its 
thread ; in doing so it travels back with its holder into 
its place in the turret. Of the self-opening tyjje there 
are several really good models on the market of both 
English and American make. In such work as that 
which is carried out in the bar machines, internal 
threads, if there is a hole right through the piece of 
work, are best tapped in a second operation, using a 
long tap, which owing to its length will not throw up 
burrs at the ends of the hole. 
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There are. however, cases where no hole can be 
permitted to go right through, or where a shoulder is 
met with. In such cases tapping has to be carried out 
in the machine whilst the article is still in the chuck. 
Where such holes are large enough, it is best to use a 
collapsible tap, which acts on very much the same 
principle as the self-opening die, the blades which carry 
the thread receding to allow the tap to be withdrawn 



Fig. 14. Coventry Collapsing Tap 


(Fig. 14). As in screwing operations, it is best always to 
bore a recess with the tool shown in Fig. 15, so that the 
threads of the tap can clear at the end of the blind hole. 
When solid taps have to be used, a holder similar to 
that used for solid dies is employed which automatically 
releases itself when the tap reaches the desired point, 
the object of both these devices being to avoid the 
damage that can be done by over-screwing. 

A convenient speed for screwing free-cutting mild 
steel is 30 ft. per min. Harder steels should be consider- 
ably slower still. Where solid dies or taps are used the 
speed of the reverse can be as fast as convenient, as no 

70 — ( 5515 ) 
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actual cutting is going on them. For brass there is no 
speed limit in the smaller sizes of work, such as that done 
in bar machines. 

Phosphor bronze and other high-tension bronzes 
require slower speeds for screwing. In bar work there 
is often more metal to be removed by the tools than in 
the work done in chucking machines, as in the formation 
of such articles as bolts, much stock has to bo removed, 
whereas in the machining of castings and forgings there 
is seldom more than a reasonable amount left for 



Fig. 15. BiBcessing Tool Showing- CjAtioES for 
Determining Dei*th of Recess 


machining; it is, therefore, never wise to employ too 
coarse a feed on tools that are talcing a wide chip. The 
tables of speeds and feeds given here should be strictly 
adhered to, as, if they are disregarded, short tool life 
and frequent tool-setting will be the result. We again 
emphasize the fact that an ample supply of coolant or 
lubricant at a high pressure is essential for the econ- 
omical production of good work. 

SETTING-XJP TOOLS AND STOPS ON A BAR 
MACHINE 

There is no scientific method known whereby the 
common bar turret can be set up for any particular 
job ; it is a matter of trial and error. The size and class 
of bar having been selected, a collet of the desired 
size must be placed in the mandrel and a suitable split 
collet for feeding the bar put in place. The distance 
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the bar has to, extend from the chuck can then be set 
by the stop in the turret. A few trials will prove that 
the feeding collet is properly placed. If a formed tool 
(see Pig. 10) is to be used, it should be placed in the 
cross slide, preferably up-side-down, and in the rear 
tool holder. A few trials will prove that it is set in the 
right position in rela- 
tion to the end of the 
work ; afterwards the 
diameter should be 
ascertained by trial 
cuts and the use of 
the micrometer. When 
the desired diameter 
has been produced, 
the stop governing the 
movement of the cross 
slide should be set. 

The parting-off tool 
can then be set, and if 
screwing has to be 
done the die can be 
set to screw up to the 
desired point, and to open in time to prevent damage if 
there is a shoialder. The heads of such parts as the 
example shown in Fig. 7 are usually left unmachined. 

In most work done to-day, there are certain limits of 
accuracy set down, so the following warning may be 
useful. Supposing that the limits are as shown in Fig. 
16, namely, *004 -}- or-, the upper example would 
comply with this ; but such a set-up would be quite 
useless, for as soon as the slightest inaccuracy should 
occur, either one or other part would be outside the 
prescribed limits. In all cases the set-up should have 
aU limits on one side, preferably on the minus side, as 
tool wear is sure to produce larger work as time goes on. 



Fio. IG 

Above. Example of tool setting wliich will 
require resetting after short period. 
Below. Sizes specified on drawing 
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AUTOMATICS 

Miilti-spmdle automatics are made in which as 
many as six spindles are at work at once, each one 
holding a bar and arranged in a circle, the axes of all 
spindles being parallel with the axis aroxind which the 
member which holds the tools can revolve. By this 
means, six operations can be going on at once, each 
one on a separate bar, so that the time occupied by 
the longest Single operation is the time taken to produce 
six articles. The setting and management of such 
machines can only be entrusted to thoroughly experi- 
enced workers, so their operation can hardly be dealt 
with here. 

Automatic lathes, like turret lathes, arc made in 
two forms, viz., for bar work, and for chucking, whilst 
the smaller types are known as automatic screw’ 
machines, an example of which may be found in the 
Browne & Sharp, which is typical of the lighter class 
of screw machine (Pig. 17). 

The Brown & Sharpe Automatic. This machine is 
made in several sizes, and is usually associated with the 
production of small articles, screws, etc. Although 
there are minor differences in the various typos, the 
principle remains the same. For the production of any 
particular article, a special set of cams is required, one 
to govern the sliding movement of the slide which 
carries the turret, which is sometimes known as the 
lead cam, examples of which are given in Fig. 18, 
which also shows the cams w’hich govern the movements 
of the tools in the front and back slides. The setting 
out of such cams is the work of a draughtsman (who 
must be thoroughly conversant with tlie work) and 
can hardly be dealt with here, for to give a really compre- 
hensive set of instructions which would enable a person 
not acquainted with the work*to lay out his own cams. 




Fm. 19. Xo. 2a Ai*fred Herbert Attto-Lathe 



(Alfred Herbeit} 
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would fill a fairly large book in itself. When such cams 
are properly designed and made with great care, the 
most difficult and intricate jobs can be executed to the 
finest limits. 

A typical example of a heavier class of automatic, 
which is also known as a screw machine, is the No. 2a 
Alfred Herbert Auto-Lathe (Mg. 19). In this 
machine, screws, bolts, etc., up to the larger sizes can 
be produced, whilst in Fig. 20 such a lathe is shown 
producing a steering ball for motor-cars. In this class 
of machine no special cams are required, the move- 
ments of the turret slide and the cross slide being 
operated by adjustable stops which govern the speeds 
of revolution for various operations, also the speeds 
of feeds. 

An example of the heavier type of automatics is 
shown in the No. 5 Auto-Lathe made by Alfred Herbert, 
Ltd. (Fig. 21). In this model, heavy chucking opera- 
tions can be carried out on such parts as steel castings, 
forgings, etc. Like other Herbert lathes, the move- 
ments are all controlled by adjustable stops fixed to 
the revolving drums, no special cams being necessary. 

The number of the various types of automatics is 
so great that it would be impossible here to give a 
description of them all ; those already mentioned, how- 
ever, may be taken as the leading types. 

As it is not possible to give detailed instructions for 
the working, setting, and adjusting of all types, we 
here give a general idea which will be found to apply 
to most of the known makes. 

The large drum usually carries cams or trip dogs 
which control the opening of the clutch, which, in a 
bar machine, allows the bar to come forward until it 
meets the stop arranged to arrest it at the proper 
distance from the nose. This is the first operation, the 
second being the gripping of the bar by means of the 




Fig. 21. 5 Herbert Auto-Lathe 
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closing of the chuck. The next operation is the reced- 
ing of the turret slide, so that it can partly revolve 
Avithout any of the tools fouling the work which is 
projecting from the nose. This operation of partly 
revolving the turret is usually done hy means of cams. 
In setting-up, this is usually the first operation ; so, 
having 'determined the length of the article by means 
of the stop, the next thing is to set the mechanism that 



(A) (B) 

Fia. 22. Articles where Dual Opeeations may be 
Performed Simultaneously 


feeds the bar forward. The parting-off tool should then 
be set so that the article when cut off shall be of the 
correct length. The various tools for the operations 
that follow can then be set, but, as work and machines 
vary so much, no hard and fast rules can be given, the 
main points to be observed are, however, as follows: 
One of the main features of the automatic, as well as 
the turret lathe, is that more than one operation can 
be in progress at a time, as, for instance, in the article 
A, shown in Fig. 22, where a form tool can be opera- 
ting on the outside of the article whilst the drilling 
and counterboring are taking place. In such a case the 
operations would be — 

1. Set stop and feed of bar through spindle. 
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2. Form completely, whilst forming drill and counter- 
bore. 

3. Tap. 

4. Knurl. 

5. Part-of£. 

In the example J? the operations would be as 
follows — 

1. Set stop and feed of bar through spindle. 

2. Use box tool with two tools to form stem. Afc 
the same time the head can be formed and, in some 
cases, knurled. 

3. Screw. 

4. Part-off. 

In all work done on an automatic lathe, high sjnndle 
or surface speeds and fine feeds generally give the best 
results, but here again no hard and fast rule can be laid 
down, but for medium-sized work, when using box 
tools, a feed of *002 to *006 per revolution will bo found 
to give good results, but allowance may be made for 
the depth of cut, as in deep cuts this may bo modified, 
whilst in shaEow cuts it can be exceeded. For forming- 
tools there may be considerable difference, according 
to the area which the tool presents to the work, so the 
larger the area the slower the feed should be. Another 
factor has to be reckoned with, and that is the stiffness 
of the work, as if of a slender nature, it is likely to ride 
in the top of the tool if the feed is too fast. GeneraUy 
speaking, for medium work the rate of feeding a fonn 
tool may be taken as between -0003 and *0005 per 
revolution, whEst for parting -off from -0007 to *0015 
per revolution wiE be found correct. 

Dtmmiies. Wherever any article is likely to be 
required again, it is always wise to form one on the 
end of a piece of short bar, and to mark it with the 
number of the article and carefuUy preserve it for a 
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guide, should more of the article he req^iired at any 
future time. The use of the dummy is not as an accur- 
ate guide for dimensions, but as a rough guide for the 
tool setter in setting-up again, as by its aid the opera- 
tion can be greatly simplified. They wiU be found 
particularly useful where form tools are employed, and 
are equally useful for turret lathes as well as for 
automatics. 

Speeds and Feeds. There are few matters where one 
can find more differences of opinion than in the matter 
of speeds and feeds, one school relying on heavy feed 
and slow speed, whilst the opposite school favours fast 
running with finer feeding. The latter practice is un- 
doubtedly the correct principle, as experience in the 
use of turrets and automatics has proved. The recent 
introduction of various metals for tipping tools for 
turrets and automatics has overthrown all previously 
conceived ideas of speeds, but not feeds, as such metals 
as Stellite and others that have followed it appear to 
give best results when used in conjunction with fine 
feeds and high speeds. 

As these metals used as tips for tools can hardly bo 
considered standard practice, we shall confine our figures 
to those speeds that are found best with high-grade 
tungsten steels, which have been hardened in the host- 
known manner. The list of cutting speeds on pages 
1102 and 1103 for turret and auto-lathes is given by 
permission of Alfred Herbert, Ltd., of Coventry, who 
are recognized to be the highest authority on the sub- 
ject in this country. These cutting speeds are intended 
as a general guide or starting point for the use of 
turret, capstan, and auto-lathe operators. They are 
not intended to represent either the maximum or mini- 
mum speeds which should be used, and when circum- 
stances allow* they may be increased to advantage. 
On the other hand, w*here materia] being turned is not 
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TABLE I 

E.P M. TO Gh'-e Various Cutting Speeds avith Different 
Diameters op Work 


Poet per Minute 



50 

60 

70 

80 

90 

100 

110 

120 

150 

200 

1 250 


Dia. In. 

Turns per Minute 

Dia. mnj. 

i 

764 



1222 

1375 

1528jl081 

1833 

2202 

3056)3820 

6 


509 

611 

713 

815 

916|l018|1120|1222 

3 527 

2036 

2645 

9 


382 

458 

535 

611 

038 

764 

840 

910 

1 146 

1528 

3 910 

12 

f 

306 

367 

428 

489 

550 

611 

672 

733 

918 

1224 

1530 

15 

i 

254 

306 

357 

407 

458 

509 

560 

on 

764 

1016 

1270 

19 

i 

218 

262 

306 

349 

393 

436 

4S0 

623 

655 

870 

1090 

22 

1 

191 

229 

267 

306 

344 

382 

420 

458 


704 

955 

25 

u 

170 

204 

238 

272 

305 

339 

374 

407 

510 

680 

850 

28 

u 

153 

183 

214 

244 

- 

275 

305 

336 

306 

450 

612 

705 

31 

li 

139 

166 

194 

222 

249 

277 

305 

332 

417 

556 

005 

.34 

14 

127 

153 

178 

204 

229 

254 

280 

305 

381 

508 

635 

3S 

If 

109 

131 

153 

176 

100 

218 

240 

262 

327 

436 

545 

44 

2 

95 

114 

133 

163 

172 

191 

210 

220 

287 

382 

475 

50 

Si 

S5 

102 

119 

136 

153 

3 70 

187 

204 

255 

340 

425 

57 

24 

76 

92 

107 

122 

137 

153 

168 

183 

230 

306 

380 

63 

24 

69 

83 

97 

111 

125 

139 

3 52 

ICC 

209 

278 

345 

69 

3 

64 

76 

89 

102 

116 

127 

140 

158 

391 

254 

320 

76 

31 

59 

70 

82 

, 94 

106 

117 

129 

141 

176 

234 

205 

82 

31 

54 

65 

76 

87 

08 

109 

120 

131 

1C4 

218 

270 

88 

31 

51 

61 

71 

81 

92 

102 

112 

122 

153 

205 

255 

05 




67 

76 

86 

95 

106 

114 

143 

301 

240 

101 

41 

42 

51 

59 

68 

76 

85 

■ 

m 




1X4 

5 

38 

46 

53 

61 

1 69 

76 

84 

92 

115 

153 

390 

127 

51 

35 

42 

49 

55 

62 

! 69 

76 

83 

104 

130 

175 

139 

6 

32 

38 

m 

m 

B 


m 

70 

95-4 

127 

160 

152 

7 

27 

33 

38 

44 

49 

64 

60 

05 

82 

109 

135 

177 

8 


29 

H 

m 

■ 


B 



90 

120 

203 

9 

21-2 

25 

30 

34 

38 

4*2 

47 

631 

04 1 

85l 

106 

228 
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TABLE I— (ConM.) 


Feet per Minute 



1 50 



80 

90 

100 

110 

120 

150 


1 250 


Dia, In. 

Turns per Minute 

Dia. mni. 

10 

19 

23 

27 

31 

34 

3S 

42 

46 

57 

76! 


254 

11 

17*4 

20-8 

24 

28| 

31 

35 

38 

41 

52 

70 

87 

279 

12 

15*9 

19 

22 

25 

29 

32 

35 

38 

47 

eaj 

79 

304 


TABLE II 

Speeds for Various Materials 


Material to be Machined 1 

Speeds in Feet 
per Minute at 
Largest Diameter 

Mild steel bar^ ..... 

Bough 

150 

Finish 

3 per cent nickal ease hardening steel bar^ . 

no 


Mild steel stampings .... 

100 

130 

3 per cent nickel case hardening steel stamp- 
ings 

60 

80 

High tensile and oast steel Forgings and bars 

45 

55 

Cast iron ...... 

50 

70 

Steel Castings ...... 

50 

70 

Gun-metal, ordinarj^ .... 

260 

250 

Gmi -metal. Admiralty .... 

120 

120 

Phosphor bronze ..... 

120 

120 

Copper ....... 

250 

250 

Brass ....... 

;!50 

500 

Aluminium 3 ...... 

500 

500 


^ As bar work is generally turned by means of roller steady tools 
and completed in one cut, finishing speeds are not given. 

^ The limit at which these materials can be cut is usually the 
highest spindle speed available on the lathe. 

uniform in hardness, it may be found necessary to use 
lower speeds than those given. 

Other conditions met in different pieces of work, 
such as stiffness of the piece itself and the method of 
chucking, may also affect cutting speeds. The speeds 
suggested are based on the use of tools of 18 per cent 
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tungsten high-speed steel, except for brass, copper or 
ordinary gnn-metal, on which carbon steel tools are 
said to be more durable. 

The experience of the writer, however, does not 
agree with the recommendation that carbon steels will 
be found more durable when used on brasvs, copper or 
ordinary gun-metal, his own experience being that 
tungsten steel has the same advantage over carbon 
steel on these metals as it has on steel. 

Selection of Bars. A false idea of economy prompts 
some manufacturers to try and obtain satisfactory 
results with bars of metal that arc not bright drawn, 
that is to say, what are known as black bars. In the 
first place such bars cannot be relied upon for accuracy 
in diameter, with the result that in some cases where 
they are too large the chucks may fail to close on them, 
with the result that some part of the mechanism that 
operates the chuck, being automatic, is strained, and 
in some cases broken. On the other hand, should the 
bar be too small for the chuck to hold it securely, the 
bar may revolve in the chuck. The result of this when 
a box tool travels along it is that the bar may gradually 
recede in the chuck, in which case little harm may be 
done, but when a form tool is brought to bear on the 
bar by means of the cross slide, the bar may not be 
sufficiently secured, so it may fail to revolve. The 
result of this is that serious damage may bo done to 
the machine. 

Bars that are not properly straigiitonod should be 
avoided, as although the operator may do his best to 
straighten them, the results are never so good as with 
bars that have been machine straightened. As bright 
straightened bars are now procurable at a reasonable 
cost, it is folly to allow an operator to waste time 
with either black or improperly straightened bars. 

The quality of the bars, whether yellow metal or steel. 
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is of the greatest importance, especially when used in 
automatics, as some metal, although it may be of good 
enough quality as regards strength, etc., may not be 
of a free cutting nature. 

Bars that come from one source of supply should 
never be mixed with those of another make, as all 
metals have their own resistance to the operation of 
cutting tools, so if a machine is set to cut a bar of a 
certain hardness, and all diameters are found to be 
correct, a bar of a softer or more free cutting material 
may cause the tools to produce work that is imder 
size, whilst a bar of harder metal may cause the work 
to come out over size. The neglect of this precaution 
has in many cases caused endless trouble to the tool- 
setter, who may be continually altering his setting if 
bars of mixed hardness are allowed to follow each 
other. Although the keeping of bars of one make 
separate from other makes will in most cases overcome 
this difficulty, it is found in some cases necessary to 
grade all bars by subjecting them to the Brinell test 
and grading them according to their hardness. By this 
means a great deal of tool-setters’ time can be avoided 
and more accurate work produced. 

Lubiicajits and Coolants. If satisfaction is to be got 
from the use of automatics, those in charge must dis- 
miss from their minds altogether the idea of the oil- 
fashioned drip can. Nothing in the nature of dripping 
lubricant or coolant must be coxisidered if automatics 
are to give even fairly good results, as the flow must be 
ample and preferably discharged with some force so 
that the chips can be carried away. The selection of 
suitable lubricants and coolants is of great importance, 
as with a coolant which has but poor lubrication power 
a broad form tool will give only poor results, so the 
saving in cost may be lost in the frequent sharpening 
and resetting of the tools. 

71— (5515) 
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Other considerations are the gumming or rusting up 
of slides that may follow the uso of an iiiforior solution, 
also the damage that may ho done to the hands and 
arms of the operators through the comy)oiuul not being 
antiseptic, as very serious skin eruptions have been 
known to have residted from the use of same. 


VARIOUS TOOLS FOR USE IN TURRETS 
AND AUTOBIATICS 


Perhaps the most important tool for use in both 
autos and turrets is that which is used for reducing 



(Aifred JJorbert) 

Pig. 23. Tool v’OR Bah Induction 

bars by taking off chips in the form shown in Fig. 23, 
whilst Fig. 24 shows a number of such tools, both right- 
hand and left-hand. The angle on tlio top is generally 
known as top rake, whilst that at the side and end is 
known as the angle of clearance. The writer has 
always advocated an acute angle of top rake, as with 
modern steels, both for tools and for free cutting stock, 
such angles are possible. Many lathe operators have 
a fear of having an acute angle of tt)p rake, as they 
are accustomed to the heavy feeds used in ordinary 





1108 


WORKSHOP PRACTICE 


centre lathes, but in turret and auto practice it is found 
that the angles given in Fig. 25 are cjuite possible, and 
are recommended by no less an authority than Alf red 
Herbert, whose experience in such matters is beyond 
dispute. Thirty-five degrees top rake and 7 degrees 
side clearance is what will be found to give the best 

results, with a front clearance 
angle of 8 degrees and a radius 
of isViJO- on the front corner. 
These angles with a good quality 
of high-speed steel properly 
hardened and ground on a wet 
stone and used with a suitable 
cutting compound on suitable 
stock for turning, will be found 
to answer better than any other 
form known at present. If suc- 
cess is not achieved, there must 
be something wrong with one or 
more of the conditions, so an in- 
vestigation should be made to 
find the cause of faihiro. The 
above directions apply to tools 
that are held in a box holder 
where the work is held in steady relation to the tool, 
and where it cannot keep rising and falling in relation 
to the tool. They are also intended for tools that are 
fed at the speeds recommended. 




Fig. 25 . Bight-hand 
Turning Tood 


APPLIANCES USED m TURRETS AND 
AUTOMATICS 

Chucks for that class of turret or auto which is 
known as the chucking type, are entirely different to 
those used for bar work, which have already been 
fully described. In the opinion of the author there 
is only one chuck that can be relied upon for such 
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work, and that is tho British-maclo chnck known as 
the “ Coventry,” made by Alfred Herbert (Pig. 26). 
The interior of this chuck has a member which par- 
tially revolves by moans of a bevelled pinion, thus 
forcing the three jaws inwards. It differs from the 
American chucks in that it offers a solid abutment for 
the jaws instead of the u.sual scroll. The travel given 
by this arrangement is very limited, so the jaws have 
to be removed when different diameters liave to be 



Fig. 30, Adjustable Stop 


Fici. 31. Floating Reamer 
Holder 


dealt with, and placed on a new set of serrations and 
bolted up again. 

Centring Boiler Steady. This appliance is used for 
centring the ends of work that has been formed in 
either turret or auto, and has afterwards to bo ground 
or to have some further operation performed upon it 
(Pig. 27). A centre drill is hold in place whilst two 
rollers are set to approximately the correct distance 
from the centre, w'^hilst the third roller is adjustable 
for any slight errors that may occur in the work. 

Back Facing Tool. This tool takes tho form of an 
end cutter which can be anchored so that it cannot 
revolve, and can be fed up to any work that is held in 
a chuck, so that a part can be faced on the back without 
taking it out of the chuck, thus saving a second opera- 
tion (Pig. 28). 
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Roller Support. This is used for steadying a piece of 
work whilst a form tool operates on it. It is generally 
used for work that extends some distance beyond the 
nose (Fig. 29). 

Adjustable Stop. This ivS used for determining the 
length the stock projects from the chuck (Fig. 30). 

Floating Reamer Holder. It is well known that unless 
a reamer can float so as to accommodate itself to any 
slight error that may exist in any part of a machine, 
there is a possibility of the hole it produces being bell- 
mouthed. To prevent this it is usual to allow a reamer 
to take up its own position when entering a hole, so 
the floating holder is made for this purpose (Fig, 31). 

Adjustable Reamer. As reamers, like all other cutting 
tools, will wear, it has been found necessary to make 
such reamers so that they can be expanded, by which 
means their size may be maintained (Fig. 32). 

The Herbert Roller Steady. This steady is especially 
designed for bar work, and owing to its adaptability 
for adjustment and its being provided with rollers which 
reduce friction, it enables work to be produced at a 
rapid rate, and offers a ready means whereby different 
diameters can be easily accommodated (Fig. 33). 

Recessiig Tool. This tool is used for forming a 
recess at a place remote from the entrance of a hole, 
which cannot be formed by an ordinary counterborer. 
It is held in the special holder shown, and is moved 
from its central position to form the required recess 
by means of the lever shown in Fig. 34. 

In conclusion, the author would like to express his 
appreciation of the courtesy shown by Alfred Herbert, 
Ltd., in lending numerous blocks to illustrate this 
section. 
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The items in this index are grouped together m sections 
The numbers refer to pages 

SECTION XVI 
DRILLING AND BORING 


Adjustable reamers, S54 | 

Archdile “ manufacturing ” 
drilling machine, 883 
Automatic trip device, 887 
Automobile boring machines, 
897-899 

Blade, reamer, adjustment of, 
856 

Boiler plate drills, 827 
Bores, measurement of, 862 
Boring and turning mills, 900 

heads, 838 

practice, 843 

tools and bars, 832, 844 

Box-body machine, 884 
Breakages, drill, causes of, 829 

Calipers, use of, 862 
Carpet-sweeper frame, 871 
Centre drills, 827 
Chattering, reamer, 853 
Chucking reamers, 853 
Clamps, 869 
Combination drill, 827 
Counterbores, 857 
Countersinks, 859 
Cross-settings, 848 
Cutter fastenings, 834 
Cuttings, gauging condition of 
drill by, 823 

Column type drilling and boring 
machines, 894 

Deflection, reamer, 856 
Distinction between drilling and 
boring, 819 


Drilling practice, 828 
Drills, guidance of, 863 

Eccentric recessing tool, 861 
Elements of twist drill, 823 
Expanding reamers, 854 
Expansion cutters, 837 

Facing, 840 

head, 841 

Finishing reamer, 856 
Fixed drills, 878 
Flat drills, 820 
Floating reamer fittings, 857 

Gauges, 862 
Grinding cutters, 835 

gauge, 825 

twist drills, 824 

Guide pillars, 871 

Heads, boring, 838 
High-speed sensitive drill, 879 
Horizontal boring machines, 889 
drilling machines, 888 

Inaccurate boring, 846 

Jigs and fixtures, 863 

Limit gauges, 862 
Lip clearance, twist drill, 825 
Locating jigs, 864 
Lubrication, drill, 830 

Measurement of bores, 862 
Micrometer calipers, 862 
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Multiple drilling heads, 871 
Multi-spindle attachment, 871 

Oiii tub© drills, 830 

pEAnN-BiCHAifcDS boriiig head, 
839 

Piloting boring tools, 844 

Plug gauge, 862 

Portable drilling machines, 878 

BadiaIi drilling machines, 885 
Reamers, 860 

, types of, 852 

Recessing tool, 861 
Rod gauge, 862 
Rotary boring table, 848 
Rotating bar method of boring, 
833 

Set-screw cutter fastening, 836 
Setting work for boring, 847 
Sharpening reamers, 863 

twist drills, faults in, 823 

Sizing tool, 850 


Slide for boring, bolting work to 
846 

Sliding jig plate, 876 
Snoxit boring machine, 850 
Soft motals, drills for, 827 
Speeds and feeds, 831 
Star-fond apparatus, 841 
Starts, drill, 828 
Straight iluio drills, 827 

TiNEOin for i^acking reamer 
blades, 856 

Toggle lovers for holding work, 
8()9 

Tools for drilling and boring, 820 
Trailing cut., 839 
Trepanning, 860 
Twist drills, 823 
sharxioning, 825 

UpRiaiiT drilling machines, 882 

Verticax. boring machines, 896 

Web thickness, twist drill, 824 
WitnoRB ” line, 847 


SECTION XVII 

GRINDING AND GRINDING MACHINES 


Abrasive materials, 906 
Abrasives, use of, 912 
‘‘ Aloxite,” 912 
Alumina, 907 
‘^Alundum,” 912 
Application of grinding ma- 
chines, 905 

Artificial corundum, 907 
Automatic vertical spindle grind- 
ing machine, 940 


Back steady rests, 921 
Bauxite, 907 

Bonded wheels, typos and ad- 
vantages of, 910 
Bonding, 907 
“ Boro-carbone,” 912 
“Borolon,” 912 


“ Garbo,” 912 
Carborundum,” 907, 912 
“ Carbosolito,” 912 
Centres, 922 
Cooling solution, 023 
** Corex,” 912 
‘‘Corolox,” 912 
“ Corum,” 912 
“ Corundum,” 006 
“ Crystolon,” 912 
Cut, depth of, 923 
Cylindrical grinding, 917 

— ihacbinos, 924 

^ wheels for, 924 

Diameter of wheels, 951 
Disc wheels, plain, 913 
Drive, power of, 922 
Duplex wheel operation, 929 
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Elastic wheels, 909 
“ Eleetrit,” 912 
“ Electroion,” 912 
Emery, 906 

Face grinding machines, 932 
Feltspar day, 908 
Formed grinding wheels, 930 
Form grinding, 927 

“ Gedditb,” 912 
Grade of wheels, 915 
Grain of wheels, 915 
“ Gresolite,” 912 
Grinding allowances, 952 

wheels, shapes of, 913 

Grits, 915 

Hardness, degree of, 916 
Heald cylindsr grinder, 946 
Heat generation, 923 
Horizontal spindle machines, 933 
surface grinder, 937 

Internal grinding, 944 

machines, types of, 

945 

, wheels for, 953 

“ Lumsden ” rotary table sur- 
face grinder, 942 

Machine centres, 922 
Manufacture of abrasive wheels, 
907 

Micrographs of abrasive, 911 

Peripheral speeds for surface 
griading, 934 

Plain cylindrical grinding, 917 
Planetary movement, grinder, 
947 

speed, 951 

Plano grinder, 933 


Prismatic ways, 940 
Profiles of grinding wheels, 913 

“ Rbbitb,” 912 
“Rex,” 912 
“ Rexite,” 912 

Rigidity, 917 [942 

Rotary table-surface grinding. 
Rubber wheels, 909 

Sattcbr wheels, 914 
Settling tanks, 944 
Shapes of grinding wheels, 913 
Shellac bonding, 910 
Silicate process, 908 

wheels, 910 

Single pulley drive, 942 
Speed of abrasive wheels, 921 

of work, 918 

Spindle of vertical grinding 
machine, 941 
Steady rests, 920 
“ Sterbon,” 912 
Supporting work, 919 
Surface grinding, 931 

machines, 932 

, wheels for, 933 

Table speed, 934 
Travel of wheel, 918 
of work, 952 

Universal steady rests, 920 

Vertical spindle machines, 933, 
938 

Vibrations, 919 
Vitrified process, 908 

Watbrglass, 908 
Water supply, 923, 952 
Wheel sizes, 918 
Wide wheel grinding, 927 
Width of grinding wheels, 936 
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SECTION XVIII 

SLOTTING MACHINES AND SLOTTING 


Dbiving, method of, 957 

Feed motion, 9G2 

Locomotive crank webs, slot- 
ting, 958 

Method of driving, 957 
Puncher slotter, 958 
Bam, driving, 958, 9G2 
Size of machines, 95S 


Slotted link, 959 
Slottor principles, 957 

tools, 998 

Solid tool, 005 
Step cono pnlloy, 957 

Tee slots, 902 
Tilting slot tors, 962 
Tool liold,irs, 963 

posts, 903 

Typos of machines, 958 

WniTWORTit quiek-rcturn ac* 
lion, 95S 


SECTION XIX 
MILLING 


Adjustable motions, 972 
Arbar cutter, 975 
Attachment, milling, 985 
Automatic fuels, 977 
stops, 978 

Brown and Sharpe indexing 
head, 986 

milling machine ac- 
cessories, 973 

Circular milling attachment, 
985 

Clamping bolt, 982 
Constant speed pulley, 977 
Cooling cutter, 974 
Crank handle location, 992 
Cutter arbors, 975 
Cutters, securing, 970 
Cutting, correct and incorrect, 
980 

Dieperential indexing head, 
989 

Division plates, 987 

Feed, rate of, 979 

screws, lost motion in, 980 

Feeds, automatic, 977 


Foundalions, machine, 981 

Hox^dino down tlio work, 981 
Horizontal machine, advantages 
of, 974 

Indexing head, 980 
Knee ” typo machines, 9G9 
Lost-motion in feed screws, 980 

Machine foundations, 981 
Milling, definition of, 9G9 
Movornents of milling machine, 
972 

Parts of milling machine, 971 
Plain indexing head, 987 

Skill requirc^d by operator, 974 

Speeds, 977 

Spiral milling, 908 

Stopping block, 982 

Stoi:>s, automatic, 978 

, use of, 978 

Table screws, wear in, 070 
vice, 984 

Vice, holding jobs in, 983 



1119 


mDEX 

SECTION XX 
JIGS AND TOOLS 


Abutment, self adjiisting, 1031 
Annealing, 1058 

Back facing tool, 1035 
Boring bars, 1073 

holes, cored, 1047 

Box jigs, 1046 

Brown & Sharpe buttons, 1044 
Bushes, tool for removal of, 1037 
Button method of locating holes, 
1043 

Castings and patterns for jig- 
making, 1034 
Chasers, internal, 1074 
Chips, cleaning, 1032 
Chucks, 1029 
Cored boring holes, 1047 

“ Dimples,” 1044 
Disc-form tools, 1061 

, making of, 1068 

‘‘ Dixie-box,” 1053 
Draughtsmen and tool makers, 
1027, 1030 

Drilling jigs, construction on 
milling machine of, 1039 
Drilling machine table, jigs for, 
1032 

Equipment, poor, evils of, 1029 
Essential features in jig-making, 
1030 

“ Fixture,” meaning of, 1025 
Form tools, 1059 
Front rake of form tools, 1064 
Functions of jigs and fixtures, 
1026 

Furnaces for, 1058 

Gashing of disc tools, 1065 
Gauge-making, makeshifts for, 
1048 

Grinding snap and limit gauges, 
1050 


Hand vice, gripping templet in, 
1052 

Hardening and tempering, 1055 
Holes, positioning, 1039 

Internal chasers, 1074 
Irregular holes, making, 1072 

Jig making, quick, 1071 

table, 1033 

Johansson gauges, 1043 

“ Kellocater ” jig borer, 1040 

Lap for gauge-making, 1048 
Limit gauges, 1050 

Micrometer setting of boring 
bars, 1074 

Milling cutters, hardening, 1057 

machine for jig making, 

1039 

Outfit for jig and tool -making, 
1028 

Oval templets, 1054 
Overheating during annealing, 
1059 

Plug gauges, 1049 

Quenching, 1055 
, solutions for, 1050 

Beamers, 1073 

Belief clearance of form tools, 
1063 

Bemovable bushes for drilling 
jigs, 1037 
Bing gauges, 1049 

Self-adjusting abutment, 1031 
Setting of form tools, 1063 
Skill required of tool -makers, 
1025 

Snap gauges, 1050 
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Special jig - boring machines, 
1041 

Spindle gauge, grinding. 
Split-ring for lapping purposes, 
1049 

Spotting drills, 1044 
Sulphuric Acid for quenching, 
1066 

" Swiss jig borer,” 1036, 1041 


Tapiab holes, tools for boring, 1073 
Taylor chucks, 1029 
Tempering, 1066 
Templets, making, 1061 
Test indicator, 1044 
“ Tool,” moaning of, 1026 
Tool room equipment, 1029 
Turned work, templet for, 1054 
Turret lathes, 1060 


SECTION XXI 

TURRET AND AUTOMATIC LATHES 


Adjustable reamer, 1112 
stop, 1110 

Appliances for turrets and auto- 
matics, 1108 

Automatic lathes, types of, 1094 

Back-end chuck, 1081 
Back facing tool, 1110 
Bar machines, 1080, 1090 
Bars, selection of, 1 104 
Box tools, 1085 
Bronzes, 1090 

Brown & Sharpe automatic, 
1094 

Button die, 1088 

Capstan lathes, 1077 
Centring roller steady, 1110 
Chamfering tool, 1085 
Chucking type turret lathe, 1079 
Chucl?B, 1082 
Collet, split, 1078 
Cone, stepped, 1083 
Coventry collapsing tap, 1089 
Cross-slide, use of for parting- 
off, 1084 

Cutting speeds, 1101 

Dies, self-opening, 1088 

, solid, 1089 

Dummies, 1100 

Extekkal threading, 1088 


Feeding finger, 1081 
Feeding the bars, 1080 
Feeds and speeds, 1101 
Forming heads, 1086 

Heads, parting-off, 1086 
Herbert roller steady, 1112 
High-tension bronzes, screwing, 
1090 

KNXJBLiNa, 1086 

Litbeioants and cooling, 1102 

Paeting-oef and forming screw 
heads, 1085 

Phosphor bronze, screwing, 1090 

Keoessino tool, 1112 
“Hobots,” 1078 
Boiler support, 1110 

SoBEWiNO and tapping, 1088 
Self-opening die, 1088 
Setting-up tools and stops on 
bar machine, 1090 
Speeds and feeds, 1101 
Split collet, 1078 
Stepped cone, 1083 

Tapping, 1088 
Tool-setting, 1079 
Tools for turi'ets and automatics, 
1105 

Turret lathes, types of, 1077 
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Kearton, A.M.I.M.E. ..... 
AERONAUTICS, Etc. 
Aerobatics. By Major O. Stewart, M.C., A.F.C. 
Aeronautics, Elementary : or, The Science 
AND Practice of Aerial Machines. By A. P. 
Thurston, D.Sc. Second Edition 
Aeroplane Design and Construction, Elemen- 
tary Principles of. By A. W. Judge, A.R.C.S., 

Wh.Ex., A.M.I.A.E 

Aeroplane Structural Design. By T. H. Jone.s, 
B.Sc., A.M.I.M.E., and J. D. Frier, A.R.C.Sc., 
D.I.C. ........ 

Aircraft, Modern. By Major V. W. Page, Air 
Corps Reserve, U.S.A. ..... 

“ Airmen or Noahs." Fair Play for Our Airmen. 
By Rear-Admiral Murray F. Suelor, C.B., R.N., 
........ 

Airship, The Rigid. By E. H. Lewitt, B.Sc., 
M.I.Ae.E. ....... 

Pilot’s "A" Licence. Compiled by John F. 
Deeming, Royal Aero Club Observer for Jhlot's 
Certificates. Second Edition .... 

MARINE ENGINEERING 
Marine Screw Propellers, Detail Design of. 
By Douglas H. Jackson, M.I.Mar.E., A.M.l.N.A. 

PHOTOGRAPHY, Etc. 

Camera Lenses. By A. W. Lockett 
Colour Photography. By Capt. O. Wheeler, 
F.R.P.S. ....... 

Commercial Photography. By D. Charles . 
Complete Press Photographer, The. By Bell 
R. Bell ....... 

Lens Work for Amateurs. By H. Orford. Fourth 
Edition ....... 

Photographic Chemicals and Chemistry. By 
T. L. J. Bentley and J. Southworth . 
Photography as a Business, liy A. O. Willis 
Retouching and Finishing for 1*hotogr\puers. 
By J. S. Adamson 
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Astronomy, Pictorial. By G. F. Chambers, 

F.R.A.S. , . . . . . .26 

Astronomy for Everybody. By Professor Simon 
Newcomb, LL.D. With an Introduction by Sir 
Robert Ball . . . . . . .50 

Great Astronomers. By Sir Robert Ball, D.Sc., 

LL.D., F.R.S 5 0 

High Heavens, In the. By Sir Robert Ball. . 5 0 

Rotation of the Earth, Planets, etc.. The 

Cause of the. By Samuel Shields . . . 10 6 

Starry Realms, In. By Sir Robert Ball, D.Sc., 

LL.D., F.R.S 5 0 


ILLUMINATING ENGINEERING 

Modern Illuminants and Illuminating 
Engineering. By I.x:on Gaster and J. S. Dow. 

Second Edition, Revised and Enlarged . . 25 0 


MOTOR ENGINEERING 

Automobile and Aircraft Engines. By A. W. 

Judge, A.l^.C.S., A.M.I.A.E 30 0 

Carburettor Handbook, The. Bv E. W. Knott, 

A.M.I.A.E ' . . . 10 6 

Coil Ignition for Motor-Cars. By C. Sylvester, 

A.M.I.E.E., A.M.I.Mech.E 10 6 

Gas and Oil Engine Operation. By J. Okill, 

M.I.A.E 5 0 

Gas Engine Troubles and Installation, with 

Trouble Chart. By John B. Rathbun, M.E. 2 6 

Gas, Oil, and Petrol Engines. By A. Garrard, 

Wh.Ex. 6 0 

Magneto and Electric Ignition. By W. Hibbert, 

A.M.I.E.E 3 6 

Motor Truck and Automobile Motors and 
Mechanism. By T. H. Russell, A.M., M.E., 
with numerous Revisions and Extensions by 
John Rathbun . . . . . .26 

Thornycroft, The Book of the. By " Auriga.” . 2 6 
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Electric Light Fitting, Pracitcai.. i.’.y F'. C. 

Allsop. Ninth Edition Kt'visod and FhilarKod. . 
Electric Lighting and Power I.^istkibution. 
By W. Perrcn Maycock, M.l.E.E. Ninth Kditiou, 
thoroughly Revised and Enlarged 

"\^ol* Xu* • • • ■ • • 

Vol. II. ...... . 

Electric Lighting in Factories ani> ^^'oKl<sll<>I■s. 
By Leon Gastcrand J. S. Dow .... 

Electric Lighting in the Home, By I .eon Gasler 
Electric Motors and Control S^'sTEMS. By A. 

T.Dovcr. M.I.E.E., A.Ainer.l.E.lC. . 

Electric Motors (Direct Current) : 'riiiiiK 
Theory and Construction. IJy il. M. flobart, 
M.I.E.E., M.Inst.C.K., M.Ainer.l.JC.E. Third 
Edition, thoroughly Revised .... 

Electric Motors (Polyi’HASe) ; 'I'iihir 'I'iieory 
AND Construction. By H. M. Hobart, 
M.Inst.C.E., M.I.E.E., M.Amer.l.E.E. Tliird 
Edition, thoroughly Revised. .... 

Electric Motors eor Continuous and Alternat- 
ing Currents, A Small Book on. liy W. I’erreii 
Maycock, M.I.E.E. ..... 

Electric Traction. By A. T. Dover, M.l.li.JC., 
Assoc.Amcr.I.E.E. Second Edition 
Electric Wiring Diagrams. By W. Perrea Ma>'- 
cock, M.I.E.E, ...... 

Electric Wiring, Fittings, Switches, and Lami*s. 
By W. Perren Maycock, M.I.E.E. Sixth Edition, 
Revised by Philip Kemp, M.Sc., M.I.E.E. . 
Electric Wiring Tables. By W. Perron Mayeocli:, 
M.I.E.E., and F. C. Raphael, M.I.E.E. Fifth 
, Edition ....... 

Electrical Condensers. By Philij) R. Coiirsey, 
B.Sc., F.Inst.P., A.M.I.E.E. .... 

Electrical Educator. By J. A. Fleming, M.A., 
D.Sc., F.R.S. In two volumes 
Electrical Engineering, Classiei rd Examples 
IN. By S. Gordon Monk. B.Sc. (Eng.), A.M.I.E.E. 
In two parts — 

Vol. I. Direct Current . . . . 

Vol. II. Alternating Current . 

Electrical Engineering, Elementary. By O. 
R. Randall. Ph.D., B.Sc., Wh.Ex. . 
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lii-KCTRicAL Engineer's Pocket Book, Whit- 
taker's. Originated by Kenelm Edgcumbe, 
M.I.E.E., A.M.I.C.E. Fifth Edition. Edited by 

K. E. Neale, B.Sc. (Hons.) 10 6 

Electrical Instruments in Theory and 
Practice. By W. H. F. Murdoch, B.Sc., and 
U. A. Oschwald, B.A. • . . . , 12 6 

Electrical Instrument Making for Amateurs. 

By S. R. Bottone. Ninth Edition . . .60 

Electrical Insulating Materials. By A. Monk- 

house, Junr., M.I.E.E., A.M.I.Mech.E. . .210 

Electrical Guides, Hawkins'. Each book in 

pocket size . . . . • • ,50 

No. 1. Electricity, Magnetism, Induction, 

Experiments, Dynamos, Armatures, 
Windings. 

„ 2, Management of Dynamos, Motors, 

Instruments, Testing. 

,, 3. Wiring and Distribution Systems, 

Storage Batteries. 

„ 4 Alternating Currents and Alternators. 

,, 5. A.C. Motors, Transformers, Convcrtei’s, 

Rcctiliers. 

,, 6. A.C. Systems, Circuit Breakers, 

Measuring Instruments, 

,, 7, A.C. Wiring, Power Stations, Tele- 

phone Work. 

,, 8. Telegraph, Wireless, Bells, Lighting. 

,, 9. Railways, Motion Pictures, Automo- 

biles, Ignition. 

,, 10. Modern Applications of Electricity. 

Reference Index. 

Electrical Machines, Practical Testing of. 

By L. Oulton, A. M.I.E.E., and N. J, Wilson, 
M.I.E.E. Second Edition • . , .60 

Electrical Technology. By H. Cotton, M.B.E., 

M.Sc , A. M.I.E.E. , . . , , .12 6 

Electrical Terms, A Dictionary of. By S. R. 

Roget, M.A., A.M.Inst.C.E., A.M.I.E.E. . .76 

Electrolytic Rectifier, The. By N. A. De 

Bruyne . • , . . . . .36 

Electro-Motors : How Made and How Used. 

By S. R. Bottone. Seventh Edition. Revised by 
C. Sylvester, A.M.I.E.E. . . . . .46 
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IIlbctro-Technics, Elements of. Bv A. P. 

Young. O.B.E., M.I.E.E. . . . .50 

Engineering Educator, Pitman's. Edilocl by 
W. J. Kearton, M.Eng., A.M.I.Mech.E., A.M. 
Inst.N.A. In three volumes . . , . 63 0 

Induction Coils. By G. E. Bonnoy. Fifth 

Edition, thoroughly Revised . - . .60 

Induction Coil, Theory of the. By E. Taylor- 

Jones,, D.Sc., F.Inst.P. . . . . . 12 6 

Induction Motor, The. By H. Vickers, Ph.D., 

M.Eng 21 0 

Kinematography Projection : A GiiroE to. By 

Colin H. Bennett, F.C.S., F.R.P.S. . . . 10 6 

Mercury-Arc Rectifiers and MERCURv-VAf'OUR 

Lamps. By J. A. Fleming, M.A., D.Sc., F.R.S. . 6 0 

Oscillographs. By J. T. Irwin, M.I.E.E. . .76 

Power Station Efficiency Control. By John 

Bruce, A.M.I.E.E 12 6 

Power Wiring Diagrams. By A. T. Dover, 
M.I.E.E., A.Amei'.I.E.E. Second Edition, 
Revised . . . . . . .60 

Railway Electrification. By H. F. Trcwman, 

A.M.I.E.E 21 0 

Steam Turbo-Alternator, The. By L. C. Grant, 

A. M.I.E.E IS 0 

Storage Battery Practice. By R. Rankin, B.Sc., 

M.I.E.E. . . . . . . .76 

Transformers for Single and Multiphase 
Currents. By Dr. Gisbert Kapp, M.Inst.C.E., 

M.I E.E. Third Edition, Revised by R. O. Kapp, 

B. Sc. . • . . . . • . 15 0 

TELEGRAPHY, TELEPHONY, AND 
WIRELESS 

Baudot Printing Telegraph System. By H. W, 

Pendry. Second Edition . . . .60 

Cable and Wireless Communications of the 
World, The. By F. J. Brown, C.B., C.B.IC., 

M.A., B.Sc. (Lond.) 7 6 

Crystal and One-Valve Circuits, Successful. 

By J. H. Watkins . . . . . .36 

Loud Speakers. By C. M. R. Baibi, with a Fore- 
word by Professor G. W. O. Howe, D.Sc., M.I.E.E. 
A.M.I.E.E., A.C.G.I 
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Radio Communication, Modern. By J. H, Reyner. 
Second Edition ...... 

Radio Year Book, Pitman's. Published annually 
in December 

Telegraphy. By T. E. Herbert, A.M.I.E.E. 
Fourth Edition 

Telegraphy, Elementary. By H. W. Peiidry. 

Second Edition, Revised .... 

Telephone Handbook and Guide to the Tele- 
phonic Exchange, Practical. By J oseph Poole, 
A.M.I.E.E. (Wh.Sc.). Seventh Ed.tion 
Telephony. By T. E. Herbert, M.I.E.E. 
Telephony Simplified, Automatic. By C. W. 
Brown, A.M.I.E.E., Eiigineer-in-Chicfs Depayt- 
ment, G.P.O., London ..... 
Telephony, The Call Indicator System in 
Automatic. By A. G. Freestone, of the A uioniatic 
Training School, G.P.O., London 
Telephony, The Director System of Automatic. 
By W. E. Hudson, B.Sc. Hons. (London), 

VVhit.Sch., A.C.G.I 

Wireless Manual, The. By Cap! J brost 
Wireless Telegraphy and 'Ielephony, Intro- 
duction to. By Prof. J A. Fleming 

MATHEMATICS AND CALCULATIONS 
FOR ENGINEERS 

Algebra, Common-Sense for Juniors. By F. F. 
Potter, M.A., B.Sc,, and J. W. Rogers, M.Sc. 

With Answers ...... 

Algebra, Test Papers in. Hy A. F. Donkin, M.A 
With Answers ...... 

With Answers and Points Fssential to Answers . 
Alternating Currents, Ari niMEric of. By E. H, 
Crapper, M.I.E.E. ...... 

Calculus for Engineering Students. By John 
Stoney, B.Sc., A.M.l.Miu.Ji .... 

Definitions and Formulae vor Students — 
Practical Mathematics, By L. Toft, M.Sc. . 
FLlectrical Engineering, Whittaker's Arith- 
metic of. Third Edition, Revised and Enlarged. 
Electrical Measuring Instruments, Com- 
mercial. By R. M. Archer, B.Sc. (Lond.), 
A.R.C.Sc., M.I.E.E. 
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Geometry, Elements oe Practical I’lane. il\ 

P. W. Scott 1! « 

Also in two parts ..... Jvacli 1 0 

Geometry, Test Papicks in. JJy \V. 1£. Paterson, 

M.A.. B.Sc H <1 

Points Essential to AnsAVers, Is. In one book . ,'i 0 

Graphic Statics, Elementary. Hy J. T. Wi^bt, 

A.M.I.Mccli.E. . . . . . .50 

Kilograms into Avoirdopois, Tahle i-tir the 
Conversion of. Conujiled by KetUers JCkler. 

On paper . . . • . . .10 

Logarithms for Beginners. By C. N. JMckworth, 

Wh.Sc. Fourth Edition . . . . .10 

Logarithms, Five Figure, and 'I'kigonomk i rr'A!. 
Function.s. By W. E. Doinniett, A.M.l .A.E., and 
H. C. Hird, A.F.Ao S. (Reprinted from 
matical Tables) . . . . . .10 

Mathematical 1'ables. By W. E. DoinmetL, 

A.M.I.A.E., and H. C. Hir'd, A.F.Ae.S. . . 4 (5 

Mathematics and Drawing, X'racttcal. By 

Dalton Grange . . . . . .20 

With Answers . . - . . .50 

Mathematics, Engineering Application of. Bj' 

W. C. Bickley, M.Sc. . . . . .50 

Mathematics, Experimental. By G, R.Viiie, B.Sc. 

Book I, with Answers . . . .14 

Book II, with Answers. . , . .14 

Mathematics for Technical Sru dents. By 

G. E. Hall . . . . . . .50 

M.athematics, Industrial (Preliminary.) By G. 

W. Stringfellow 2 0 

With Answens . . . . . .26 

Mathematics, Introductory. By J. E. Row(', 

Ph.D 10 6 

Measuring AND Manuring T^and, and 'riiATcitEKs’ 

Work, Tables for. By J. Cullyer. Twt>ntieth 
Impression . . . . , . .30 

Mechanical Tables. By J. P'oclon . . .20 

Mechanical Engineering Detail Tables. By 

John P. Ross. . . . . . .76 

Metalworker’s Practical Calculator, 'I'iie. 

By J. Matheson . . . . . .20 

Metric and British System of Wkight.s, Mea- 
sures, AND Coinage. By Dr. F. Mollwo Perkin . 3 6 
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Metric Conversion Tables. By W, E. Dommett, 

A.M.I.A.E 10 

Metric Lengths to Feet and Inches, Table for 
THE Conversion of. Compiled by Redvers Elder. 

On paper . . . . . . .10 

On cloth, varnished . . . . ,20 

Mining Mathematics (Preliminary). By George 

W. Stringfellow . . . . . .16 

With Answers . . . . . .20 

Quantities and Quantity Taking. By W. E. 

Davis. Sixth Edition . . . . .60 

Reinforced Concrete Members, Simplified 
Methods of Calculating. By W. N. Twelve- 
trees, M.I.M.E., A.M.I.E.E. Second Edition, 
Revised and Enlarged . . . . ,50 

Russian Weights and Measures, with their 
British and Metric Equivalents, Tables of. 

By Rcdvers Elder . , , , , ,26 

Slide Rule, The. By C. N. Pickworth, Wh.Sc. 

Seventeenth Edition, Revised , . . .36 

Slide Rule : Its Operations ; and Digit Rules, 

The. By A. Lovat Higgins, A.M.Inst, C.E. . 6 

Steel’s Tables. Compiled by Joseph Steel . .36 

'J'elegraphy and Telephony, Arithmetic of. 

By T. E. Herbert, A.M.I.E.E., and R. G, de 
Wardt . . . . . . . .5*0 

Textile Calculations. By J. H. Whitwam, B Sc. 25 0 

Trigonometry for Engineers, A Primer of. By 

W. G. Dunkley, B.Sc. (Hons.) . . . .50 

Trigonometry for Navigating Officers. By 

W. Percy Winter, B.Sc. (Hon.), Lend. . . 10 6 

Trigonometry, Practical. By Henry Adams, 
M.I.C.E., M.I.M.E., F.S.I. Third Edition, 

Revised and Enlarged . , . . .50 

Ventilation, Pumping, and Haulage, Mathe- 
matics OF. By F. Birks . . . . .50 

Workshop Arithmetic, First Steps in. By H. P. 

Green . . . . . . . .10 

MISCELLANEOUS TECHNICAL BOOKS 

Brewing and Malting. By J. Ross Mackenzie, 

F.C.S., F.R.M.S. Second Edition . . .86 

Ceramic Industries Pocket Book. By A. B. 

Scarle ^ 
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Engineering Inquiries, Data for. By J. C. 

Connan, B.Sc., A.Al.I.lC.E., O.B.E. . . .12 fi 

Lightning Conductor.s anu Lightning Luardk. 

Bv Sir Oliver J. i.odgi*, IMi.S., I.L.l)., D.So.. 

AI.I.E.E 15 0 

Music Engraving AND Printin( 3. By Win. flamble 21 0 

Petroleum. By Albert Idtlgett, Jiditor of the 

“ Petroleum Timas." Third lulitinn . . .50 

Printing. By H. A. Maddox . . . .50 

Befractories for Furnaces, Criutbi-F.s, etc. 

By A. B. Searlc . . . . . . 5 tf 

Refrigeration, Mechanical. By Ilal Williams. 

M.I.Mech.E., M.I.E.K.. M.l.Struct. K. . . 20 0 

Seed Testing, By J, Stewart J'temingtoii . . 10 H 

PITMAN’S TECHNICAL PRIMERS 
Each in foolscap 8vo, cloth, about 120 pp ., illustratei 1 2 0 

In each book of the series the fundamental 
principles of some subdivision of technology 
are treated in a practical rniinner, providing the 
student with a handy survey of the particular 
branch of technology with which he is con- 
cerned. They should prove invaluable to the 
busy practical man who has not the time fcir 
more elaborate treatises. 

Abrasive Materials. By A. B. Searlo, 

A.C. Protective Systems and Gears. By J . 
Henderson, B.Sc., M.C., and C. W. Marsliall, 

B.Sc., A.AI.I.E.E. 

Belts for Power Transmission. By W. G. 
Dunkley, B.Sc. (Hons.). 

Boiler Inspection and Maintenance. By R. 
Clayton. 

Capstan and Automatic Latue-s. By I’hilip 
Gates. 

Central Stations, Modern. By C. W. Marsliall, 

B.Sc,, A.M.I.E.E. 

Coal Cutting Machinery, Longwall. By 
G. F. F. Eagar, M.I.Min.K. 

Continuous Current Armature Winding. 

By F. M. Denton, A.C.G.I., A.Amer.I.E.E. 
Continuous Current Machines, Thf. Tiisting 
OF. By Charles b\ Smith, D.Sc., M.I.E.E., 
A.M,I.C.E. 
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t^iTMAi^’s Technicai- Primers — contd . 2 6 

Cotton Spinning Machinery and Its Uses. 

By Wm. Scott Taggart, M.I.Mech.E. 

Diesel Engine, The. By A. Orton. 

Drop Forging and Drop Stamping. By H. 

Hayes. 

Electric Cables. By P'. W. Main, A.M.T.E.E. 
Electric Cranes and Hauling Machines. By 
F. E. Chilton, A.M.I.E.E. 

Electric Furnace, The. By Frank J. Moffett, 

B.A., M.I.E.E., M.Cons.E. 

Electric Motors, Small. By E. T. Painton. 

B.Sc., A.M.I.E.E. 

Electric Power Systems. By Capt. W. T. 

Taylor, M.Inst.C.E., M.I.MechiE. 

Electrical Insulation. By W. S. Flight, 
A.M.I.E.E. 

Electrical Transmission of Energy. By \V. 

M. Thornton, O.B.E., D.Sc., M.I.E.E. 

Electricity in Agriculture. By A. H. Allen, 
M.I.E.E. 

Electricity in Steel Works. By Win. 
McFarlane, B Sc. 

Electrification of Railways, The. By H. F. 
Trewman, M.A. 

Electro -Deposition of Copper, The. And its 
Industrial Applications. By Claude W. Denny, 
A.M.I.E.E. 

Explosives, Manufacture and Uses of. By 
R. C. Farmer, O.B.E., D.Sc., Ph.D. 

Filtration. By T. R. Wollaston, M. I. Modi E. 
Foundrywork. By Ben ShaAV and James 
Edgar. 

Grinding Machines and Their Uses. Bj' Thos. 

R. Shaw, M.I.Mech.E. 

House Decorations and Repairs. By Win. 
Prebble. 

Hydro-Electric Development. By J. W. 
Meares, F.R.A.S., M.Inst.C.E., M.I.E.E., 
M.Am.I.E.E. 

Illuminating Engineering, The Elements of. 

By A. P. Trotter, M.I.E.E. 

Industrial and Power Alcohol. By R. C. 
Farmer, O.B.E., D.Sc., Ph.D., F.I.C. 
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Industrial Electric Heating. By J. \V. 
Beauchamp, M.I.E.E. 

Industrial Motor Control. By A. T. Dover, 
M.I.E.E. 

Industrial Nitrogen. By P. H. S. Kempton, 
B.Sc. (Hons.), A.Il.C.Sc. 

Kinematograph Studio Techniguk. By L. C. 
Macbean. 

Lubricants and Lubrication. By J. II. Hytle. 
Mechanical Handling of Goods, The. By C. 

H. Woodfield, M.I.Mcch.E. 

Mechanical Stoking. By D. Brownlie, B.Sc.. 

A. M.I.M.E. (Double vol., price Ss. net.) 
Metallurgy of Iron and Steel. J5a.sed on 

Notes by Sir Robert Hadfield. 

Municipal Engineering. By H. Percy l^onlm )is, 
M.In-st.C.E., F.R.San.Inst., F.Inst.S.E. 

Oils, Pigments, Paints, and Varnishes. By 
R. H. Truclove. 

Patternmaking, By Bon Shaw and Jn.nies EdKar. 
Petrol Cars and Lorries. By F. Heap. 
Photographic Technique. By 1^. J. lliblxu-t, 
F.R.P.S. 

Pneumatic Conveying. By E. G. Philli])s, 
M.I.E.E., A.M.I.Mcch.E. 

Power Factor Correction. By A. E. Clayton, 

B. Sc. (Eng.) Lond., A.K.C.. A^M.I.E.IC. 

Radioactivity and Radioactive Substances. 

By J. Chadwick, M.Sc. 

Railway Signalling : Automatic. By F. 
Raynar Wilson. 

Railway Signalling : Mechanical. B}?^ F. 
Raynar Wilson. 

Sewers and Sewerage. Bv H. Gilbert Whyatt, 
M.I.C.E. 

Sparking Plugs. By A. P. Young and H. Warren. 
Steam Engine Valves and Valve Gears. By 
E. L. Ahrons, M.I.Mech.E., M.I.Loco.E. 

Steam Locomotive, The. By E. L. Ahrons, 
M.I.Mech.E., M.I.Loco.E. 

Steam Locomotive Construction and Main- 
tenance. By E. L. Ahrons, M.I.Mech.E., 
M.I.Loco.E. 
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Steels, Special. Based on Notes by Sir Robert 
Hadfield, Bart. ; compiled by T. H. Burnham, 

B.Sc ^Double vol., price 5s.) 

Steelwork, Structural, By Wm. H. Black. 

Streets, Roads, and Pavements. By H. Gilbert 
Whyatt, M.Inst.C.E., M.R.San.I. 

Switchboards, High Tension. By Henry E. 

Poole, B.Sc. (Hons.), Lond., A.C.G.I., 

A. M.I.E.E. 

Switchgear, High Tension. By Henry E. Poole, 

B. Sc. (Hons.), A.C.G.I., A.M.I.E.E. 

Switching and Switchgear. By Henry E. 

Poole, B.Sc. (Hons.), A.C.G.I., A.M.I.E.E. 
Telephones, Automatic. By F, A. Ellson, 

B.Sc., A.M.I.E.E. (Double vol., price 5s.) 

Tidal Power. By A. M. A. Struben, O.B.E., 
A.M.Inst.C.E. 

Tool and Machine Setting. For Milling, 
Drilling, Tapping, Boring, Grinding, and Press 
Work. By Philip Gates. 

Town Gas Manufacture. By Ralph Staley, 

M.C. 

Traction Motor Control. By A. T. Dover, 
M.I.E.E. 

Transformers and Alternating Current 
Machines, The Testing of. By Charles F. 

Smith, D.Sc., A.M.Inst.C.E., Wh.Sc. 

Transformers, High Voltage Power. By Wm. 

T. Taylor, M.Inst.C.E., M.I.E.E. 

Transformers, Small Single-Phase. By Edgar 
T. Painton, B.Sc. Eng., Hons. (Lond.), 
A.M.I.E.E. 

Water Power Engineering. By F. F. Fergusson, 
A.M.Inst.C.E. 

Wireless Telegraphy, Continuous Wave. 

By B. E. G. Mittell, A.M.I.E.E. 

Wireless Telegraphy, Directive. Direction 
and Position Finding, etc. By L. H. Walter, 

M.A. (Cantab.), A.M.I.E.E. 

X-Rays, Industrial Application of. By P. 

H. S. Kempton, B.Sc. (Hons.). 
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COMMON COMMODITIES AND 
INDUSTRIES SERIES 

Each book is crown 8\o, cloth, with niany 

illustrations, etc. . . . . . .30 

In each of the handbooks in this series a par- 
ticular product or industry is troat<'(l by an 
expert writer and practical man of business. 

Acins, Alkalis, and Salts. Bv G. H. J. A»Uani, 

M.A.. B.Sc., F.C.S. 

Alcohol in Commerce and Industry. By C. 

Simmonds, O.B.K., B.Sc., F.I.C., F.C.S. 

Aluminium. Its Manufacture, Manipulaiion, and 
Marketing. By George Mortimer, M.Jn.st.Met. 
Anthracite. By A. Lcsonanl Summers. 

Asbestos. By A. Leonard Summci's. 

Bookbinding Craft and Industry, The. By 
T. Harrison. 

Boot AND Shoe iNDUSTiiv, The, By J. S. I-Ianling. 

Bread and Bread Baking. Bj' John Stewart. 
Brushmaker, The. By Wm. Kid'dier. 

Butter and Cheese. By C. W. Walker Tisdale, 

F.C.S., and Jean Jones, B.D.F.D.. N.D.T). 

Button Industry, The. By W. Unite Jones. 

Carpets. By Reginald S. Brinton. 

Clays and Clay Products. By Alfred B. Searlo. 
Clocks and Watches. By G. L. Overton. 

Cloths and the Cloth Trade. By J. A. Hmder. 
Clothing Industry, The. By B. W. Poole. 

Coal. Its Origin, Method of Working, and 1 ’rep- 
aration for the Market. By Francis H. Wilson, 
M.Inst.M.E. 

Coal Tar. By A. R. Warncs, F.C.S., A.I.Mech.E. 

Cocoa and Chocolate Industi^y, 'J'uk. By A. 

W, Knapp, B.Sc., F.I.C. 

Coffee. From Grower to Constiiner. By B. B. 
Keable. 

Cold Storage and Ice Making. By B. H. 
Springett. 

Concrete and Reinforced Concretj4. By W. 

Noble Twelvetree.s, M.I.M.E., A.M.I.F.IC. 

Copper. From the Ore to the Metal. By H. K. 

Picard, M.Inst, of Min. and Met. 

Cordage and Cordage Hemp and Fibres. By 
T. Woodhouse and P. Kilgour. 
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Corn Trade, The British. By A. Barker. 

Cotton. From the Haw Material to the Finished 
Product. By R. J. Peake. 

Cotton Spinning. By A. S. Wade, 

Cycle Industry, The. By W. Grew. 

Drugs in Commerce. B3^' J. Humphrey, Ph C., 

F.J.I. 

Dyes and Their Application to Textile 
Fabrics. By A. J. Hall, B.Sc., F.I.C., F.C.S. 

Electric Lamp Industry, The. By G. ArnclilTa 
Percival. 

Electricity. By R. E. Neale, B.Sc. (Hons.). 

Engraving. By T. W. Lascelles. 

Explosives, Modern. By S. I. Levy, B.A., B.Sc.y 
F.I.C. 

Fertilizers. By H. Cave. 

Film Industry, The. By Davidson Boughey. 

Fishing Industry, The. By W. E. Gibbs, D.Sc. 

Furniture. By H. E. Binstead. Second Edition. 

Furs and the Fur Trade. By J. C. Sachs. 

Gas and Gas Making. By W. H. Y. Webber, C.E. 

Glass and Glass Manufacture. By P. Mason, 
Honours and Medallist in Glass Manufacture. 

Gloves and the Glove Trade. By B. E. Ellis. 

Gold. By Benjamin White. 

Gums and Resins. Their Occurrence, Properties, 
and Uses. By Ernest J. Parry, B.Sc., F.I.C., 

F.C S. 

Incandescent Lighting. By S. 1. Levy, B.A., 

B.Sc., F.I.C. 

Ink. By C. Ainsworth Mitchell, M.A , F.I.C, 

Internal Combustion Engines. By J. Okill, 
M.I.A.E. 

Iron and Steel. Their Production and Manu- 
facture. By C. Hood. 

Ironfounding. By B. Whiteley. 

Jute Industry, The. By T. Woodhouse and P. 
Kilgoiir. 

Knitted Fabrics. By John Chamberlain and 
Janies FI. Quilter. 

Lead. Including Lead Pigments, By J, A. 
Sinythe, Pli.D., D.Sc, 
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Leather. From the Raw Material to the Finished 
Product. By K. J. Adcock. 

Linen. From the Field to the Finished Product. 

By Alfred S. Moore. 

Locks and Lock Making. By F. J. Butter. 

Match Industry, Tub. By W. II. Dixon. 

Meat Industry, The. By Walter Wood. 

Motor Boats. By Major F. Strickland, IM.l.E.F., 
M.I.M.E. 

Motor Industry, The. By Horace Wyatt, B.A. 
Nicked. By F. B. Howard White, B.A. 

Oil Power. By Sidney H. North, A.Inst.P.T. 

Oils. Animal, vegetable, Esscnit ial, anti Mineral. 

By C. Ainsworth Mitchell, M.A., F.I.C'. 

Paints and Varnishes. By A. S. Jennings, 
F.I.B.D. 

Paper. Its History, Sources, and Production. 

By Harry A. Maddox, Silver Medallist I'a^x'r- 
making. Second Edition. 

Patent Fuels. By J. A. Greene and F. Molhvo 
Perkin, C.B.E., Ph.D., F.I.C. 

Perfumery, Raw Materials of. By E. J. 

Parry, B.Sc., F.I.C., F.C.S. 

Photography. By William Gamble, F.R.P.S. 
Platinum Metals; By E. A. Smith, A.U.S.M., 
M.I.M.M. 

Player Piano, The. By D. Miller Wilson. 

Pottery. By C. J. Nokc and H. J. Plant. 

Rice. By C. E. Doxiglas, M.I.Mcch.K. 

Rubber. Production and Utilization of the Raw 
Product. By C. Beadle and II. 1’. Si evens, 

M.A., Ph.D., F.I.C. 

Salt. By A. F. Calvert, F.C.S. 

Shipbuilding and the Shipbuilding Industry. 

By J. Mitchell, M.I.N.A. 

Silk. Its Production and Manufacture. By 
Luther Hooper. 

Silver. By Benjamin White. 

Soap. Its Composition, Manufacture, and Proper- 
ties. By William H. Simmons, B.Sc. (Bond.), 

F.C.S. 

Sponges. By E. J J. CresswolL 
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Starch and Starch Products, By H. A. 

Auden, D.Sc., F.C.S. 

Stones and Quarries. By J. Allen Howe, 

B.Sc., M.Inst. Min. and Met. 

Straw Hats. By H. Inwards. 

Sugar. Cane and Beet. By the late Geo. 
Martineau, C.B., and Revised by F. C. Eastick, 

M.A. Fifth Edition. 

Sulphur and the Sulphur Industry. By 
Harold A. Auden, M.Sc., D.Sc., F.C.S. 

Talking Machines. By Ogilvie Mitchell. 

Tea. From Grower to Consumer. By A. 
Ibbetson. 

Telegraphy, Telephony, and Wireless. By 
Joseph Poole, A.M.I.E.E. 

Textile Bleaching. By Alex. B. Steven, B.Sc. 
(Bond.), F.I.C. 

Timber. From the Forest to its Use in Commerce. 

By W. Bullock. Second Edition. 

Tin and the Tin Industry, By A. H. Mundey. 
Tobacco. From Grower to Smoker. By A. E. 
Tanner. 

Velvet and the Corduroy Industry By J. 
Herbert Cooke. 

Wall-paper. By G, Whiteley Ward. 

Weaving, By W. P, Crankshaw. 

Wheat and Its Products, By Andrew Millar. 

Wine and the Wine Trade. By Andre L. Simon. 

Wool. From the Raw Material to the Finished 
Product. By J. A. Hunter. 

Worsted Industry, The. By J. Dumville and 
S. Kershaw. Second Edition. 

Zinc and Its Alloys. By T. E. Tones, M.A., 

LL.D., B.Sc. 
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DEFINITIONS AND FORMULAE 
FOR STUDENTS 

This series of booklets is intoxifled to provide 
engineering students witli all nc^cessary lieti- 
nitions and formulae in a. convcniiont form. 

In four booklets. Kaeh in Pocket Size, a.b<jut 
32 pp. 6d. net. 

DEFINIXIONTS AND FORMULAE FOR 
STUDENTS — EUECTRICAE 

By PnmTP Kmti*, M.Sc., M.X.K.E., llvml of the 
JEjl&ctrical ISiiQlneering e-par huerkt of the I^njent 

Street JPolytcchn^ic, 

DEFINITIONS AND FORMULAE FOR 
STUDENTS — HEAT ENGINES 

By ARisror.x> Rimmisti, B.Eng., Head of the JMerditiaical 
Engineering JOepartme^ft^ Derinj ^^eeluiieal OoUege. 

DEFINITIONS AND FORMULAE FOR 
STUDENTS — APPLIED MECHANICS 

By E. H. Lewitt, B.Sc., A.M.I.Moob, E. 

DEFINITIONS AND FORMULAE FOR 
STUDENTS — PRACTICAL MATHEMATICS 

By Louis Toft, M.Sc.^ Head of the Muthenuuiefti 
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